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Cattle passing through a disinfecting tank to destroy insects that cause Texas or tick fever 
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Stellar Evolution’ 


An Attempt to Correlate Two Outstanding Problems of Physics 


THERE are two questions at the present time which 
are of fundamental! interest to astronomers and physi 
cists. The first question is, What becomes of the enor 
mous flood of energy which is poured forth so lavishly 
by the sun and by the stars? Does it travel unendingly 
through the depths of space until it strikes some ma- 
terial object, or does it not? 

The second question is, What is the source of the 
enormous subatomic energies which have been revealed 
in recent years by the radioactive elements, and which 
by implication exist in all of the other elements? 

In the first question we ask, What becomes of this 
energy? In the second, Where does this energy come 
from? Surely such a situation is not so embarrassing 
as it would be if we had but one of these questions, for 
an infinite source or an infinite sinkhole of energy 
is scarcely to be thought of. The two questions seem 
mutually to answer one another, and it seems reason- 
able to conjecture that the energy which disappears 
from the sun and stars into space reappears sooner or 
later in the subatomic energies of the atoms. 

One may suppose that the physical universe is finite 
or that it is infinite, for it is not possible to verify 
either supposition. The idea that the physical universe 
is finite is doubtless repugnant to most minds that 
have dwelt upon the subject, and we therefore reject 
this supposition. The distribution of matter in space 
may be roughly uniform or it may be distinctly non- 
uniform, Again we are at liberty to make either sup- 
position, for neither can be verified. But if we assume 
the universe to be infinite, then unless the distribution 
of stars is non-uniform of a special type the entire 
sky should glow with a brightness equal to that of the 
sun's disk. Certainly this would be true if radiant en- 
ergy is not extinguished in its course through space. 

It is quite possible to distribute infinitely many stars 
in such a manner that the total quantity of light re- 
ceived from them should be anything we please. For 

eencentric spheres of 


being equal to the ititegias 
the radius of the sphere. If the amount of light re- 
ceived from the star on the first sphere be taken as 
unity, then the entire amount of light received from all 
of the stars would be less than 


wheh is finite, but the number of stars in the system 
would be infinite. In any such distribution, however, 
the average stellar density approaches zero as the 
distance becomes sufficiently great. While such distri- 
butions of stars are possible, they seem so highly im- 
probable that we reject them and seek some other ex- 
planation of the blackness of the night sky. 

There is no recourse save in the hypothesis that ra- 
diant energy is extinguished in its course through space. 
If we assume that there is a uniform distribution of 
stars and that the stars are all alike, there should be 
four times as many stars in any given magnitude as in 
the magnitude next brighter. The actual star-counts, 
however, show that while this ratio is maintained be- 
tween stars of magnitude one and magnitude two it 
falls off steadily until between magnitudes sixteen and 
seventeen the ratio is only 1.8 instead of 4. Is the 
decline in the number of stars due to the extinction of 
light in traversing these enormous distances? It is a 
simple matter to assume that a certain percentage of 
radiant energy is lost in traveling through space and 
to test the hypothesis by an appeal to the star counts. 
Obviously the stars do not all emit the same amount of 
light; that is, they are not all of the same absolute 
brightness. Thus the star AOe (N) 17,415 is only 0.004 
times as bright as the sun, while Canopus cannot be less 
than 10,000 times as bright as the sun (absolute magni- 
tudes, of course, being understood). Thus between the 
faintest known star and the brightest known star there 
is a ratio of 2,500,000 or sixteen magnitudes (absolute). 
Assuming that the stars are distributed over fourteen 
magnitudes (absolute) in accordance with the law of 
probability, and that 1 per cent. of light is extinguished 
in traveling 4.11 parsecs (13.6 light-years), the fol- 
lowing table has been computed showing the number 
of stars or the various relative magnitudes on the hy- 
pothesis of uniform distribution of the stars in space. 
The actual star-counts of Chapman and Melotte of the 


*From the “Astro-Physical Journal, 


By William Duncan MacMillan 


Royal Observatory at Greenwich are given for com- 


parison, 


4 8,034,000 
I 40 14,040,000 4,420,000 


Certainly there is nothing in these figures to forbid 
us from supposing that the blackness of the sky is due 
to the extinction of light in its journey through space ; 
und the amount of the loss (1 per cent. in 13.6 years) 
does not seem excessive. 

But what becomes of the energy which is lost? Is it 
permissible to suppose that the light is intercepted by 
dark material scattered through space? It is clear 
that the effectiveness of dark material in cutting off 
light is increased by supposing it in a finely divided 
state. If it is supposed that the dust of space consists 
of particles one one-hundredth of an inch in diameter 
ii is found that one such particle to every 560 cubic 
miles of space would be sufficient to account for the 1 
per cent. of loss mentioned above. This does not seem 
to be an excessive amount of dust particles, and yet a 
continuation of the computation shows that in the 40 
cubic parsees which, according to the foregoing figures, 
is the sun’s share of space, there is 6% times as much 
material as there is in the sun itself, and if the parti- 
cles average one-tenth of an inch in diameter there 
is 67.5 times as much material as in the sun. 

It may indeed be true that such dark material exists 
in space, but nevertheless it cannot account for the 
blackness of the sky, because the energy which it inter- 
cepts is either retained or radiated. If it is radiated, 
then there is no change in the total amount of radia- 
tion; at most merely a change of wave-length, since the 
amount radiated is the same as the amount intercepted. 
So far as the total quantity of energy is concerned the 


terial in space cannot account for the blackness of 
the sky. 

The accepted notion that radiant energy suffers no 
loss in transmission through a dust-free ether is not 
analogous to other physical processes, for in the phys- 
ical world “perfection” does not seem to be attained. 
Perfection is an intellectual ideal, comfortable only 
so long as it represents the known facts with an ap- 
proximation sufficient for our purposes. If we con- 
fine ourselves to a sufficiently small portion of the 
earth’s surface we may be well satisfied with the hy- 
pothesis that the earth’s surface is a plane, for the facts 
encountered are in close agreement with our hypothesis ; 
but in a larger field of operations the curvature of the 
earth’s surface is thrust upon us and cannot be ig- 
nored. So with the transmission of radiant energy it 
may be quite accurate enough to assume that there is 
no loss in such distances as are encountered in the 
solar system, but appreciably wrong when the distances 
encountered are of interstellar dimensions. According 
to Kapteyn the average distance of the first magnitude 
stars is 75 light years. We have a right to be cautious 
in extending our hypothesis of “perfection” in the trans- 
mission of radiant energy into regions in which 75 light- 
years is the unit of distance. 

If dark material seems inadequate to diminish the 
total amount of radiation, we may have recourse to the 
absorption of energy in the ether. But the energy can- 
not be absorbed without doing work, and in casting 
about for some sort of work which this lost energy 
might do there occurs the possibility that it is here 
that the foundations of the atoms are laid, and perhaps 
alsvu the completed structure. 

Let us assume that absorption does occur and at- 
tempt to construct a model to illustrate how the kinetic 
energy of the ether-waves might be converted: into the 
potential energy of an organized system.’ Imagine a 
number of spheres floating on the surface of the ocean. 
Imagine further that on these spheres there are springs, 
and that at the bottom of each sprirg there is a hook. 
As these spheres are tossed about by the waves there 
will be frequent collisions, followed in general by an im- 
mediate separation. Occasionally, however, two spheres 


‘It is not essential, perhaps, to suppose that ‘there is an 
ether. Some other process would answer our purpose; but 
it seems preferable to use the current concepts of physics, 


will collide in such a way that when the springs are 
compressed the hooks are engaged, and separation does 
not follow. The two spheres are locked in tight em- 
brace, and we have the beginning of an organized sys. 
tem. The energy of the compressed springs was ab- 
sorbed from the energy of the ocean waves, thouch the 
amount of energy absorbed was perhaps relatively 
small, The two spheres thus joined would, in the courge 
of time, unite with other spheres, and thus an organized 
system would be built up and the internal energy of 
the system would have been derived from the ocean 
Wives, It is not necessary, indeed, to dwell upon the 
details of such a process. Through the agency of 
chlorophyll it is known that the radiant energy of the 
sun is absorbed and locked up in the organized systems 
of the vegetable world, though the mechanical details 
of the process are quite unknown. In a manner analo- 
gous to the organic molecule, and by a process the de- 
tails of which are quite unknown, we may suppose 
that the ordinary atom comes into being and that the 
familiar properties of inertia and gravitation are due 
to the energies locked up within. Disrupt the atom 
and set its energies completely free and the properties 
of mass and gravitation at once disappear. 

Important consequences follow the admission that 
atoms are built up in this manner. It would follow 
that space contains much material of atomic or even 
molecular dimensions, and that regions long undis- 
turbed by stellar objects would tend to become more 
or less crowded with atoms and molecules on account 
of the ceaseless passage of radiant energy through it. 
In this manner we see the genesis of a nebula with its 
enormous gravitational and subatomic energies. A 
sufficiently large mass in its journey through space 
would gather in this atomic and molecular material 
and feed upon its substance and energies. It would 
be a nucleus around which material would gather. If 
this nucleus were relatively small and dark, such as 
the earth, its growth would be slow; the subatomic 


eventually be reached in which the subatomic energies 
can no longer wholly persist as subatomic. The atoms 
begin to break down and give up their stores of energy. 
In the event of a complete dissolution of the atom we 
would expect the complete disappearance of its mass 
and a complete restitution of the energy by which it was 
organized. If the dissolution were but partial we would 
have the familiar radioactive phenomena and a partial 
restitution of the subatomic energies. The energies 
thus released would raise the temperature of the 
nucleus and presumably hasten the process of disinte- 
gration. The density would decrease until, if the mass 
were large enough, the increased molecular energies 
would convert the once solid nucleus into a gaseous 
sphere. If the mass continued to grow after a com- 
pletely gaseous state had been reached, the increased 
gravitational pressure would cause the density again to 
increase, and this increase with a growing mass would 
continue until eventually again a critical state would 
be reached of heat and pressure, and the release of sub- 
atomic energies would be so great that the gaseous 
mass would begin to glow. A further increase of mass 
would again hasten the process of dissolution accom- 
panied by a rise in temperature and a second decrease 
in density, and the process could continue, as far as 
we can see, until the tenuity of a nebula was attained. 
If the various bodies in our own solar system, with 
whose masses and densities we are familiar, be ar- 
ranged according to their masses, it is found that they 
do conform to these ideas, as is shown in the diagram 
(Fig. 1). Thus all of the planets and satellites which 
are smaller than the earth are in a solid state and their 
densities increase with an increase of mass. Somewhere 
between the mass of the earth and the mass of Uranus, 
which is fourteen times the mass of the earth, there 
would exist a mass of maximum density beyond which 
a solid mass cannot persist as wholly solid, and there 
begins a transitional state between the solid and the 
wholly gaseous condition, and in this transitional state 
we find the planets Uranus and Neptune. Saturn, with a 
mass equal to 94 times the mass of the earth, seems 
to have attained a wholly gaseous condition and has 
the smallest density of any object in the solar system. 
The mass of Jupiter is 3.3 times the mass of Saturn and 
its density is about twice that of Saturn. There are no 
bodies in our solar system intermediate between Jupiter 


mou: 
Ww 
grow 
into 
tend 
there 
nishe 
expe 
grav’ 
othet 
of th 
and | 
ually 
agail 
pre-s 
press 
relea 
dark 
It 
gathe 
able 
betw 
of ra 
main 
If in 
unus 
and 
white 
the 
the i 
than 
natul 
there 
we 
of si 
light: 
the s 
surro 
In 
have 
the f 
or 
brigh 
regul 
detai! 
regiot 
you 
norm: 
that 
lines. 
it 
see a 


ture, 


you s 
up tl 
it an « 
a sec 
it wh 
of hy 
star 
and 
low, 
cions 
star's 
proba 
one o 
hight 
its ay 
of no 
conta 
You y 
Milky 
the M 
in the 
nebul: 
create 
distri! 
line s 
Stars 
to the 
Jus 
is a | 
retain 


**Ad 
ciation 
1917, 


— 
and 
some 
whit 
; = state 
crea 
mids 
in & 
Z Mag mputed 
; 7,005 135 380,000 
$ 
) 
1 1 1 1 
1+ —— + —— + —— + —— + .... 
93/2 33/2 45/3 53/2 
thy 
| 


1919 


S ure 
does 
em- 
sys- 
ab- 
h the 
lively 
ourse 
nized 
zy of 
the 
‘v of 
f the 
stems 
etails 
nalo- 
de- 
ppose 
t the 
» due 
atom 
erties 


that 
ollow 
even 
indis- 
more 
count 
th it. 
th its 
space 
terial 
vould 
‘h as 
tomic 


rgies 
toms 
ergy. 
n we 
mass 
t was 
vould 
irtial 
rgies 

the 
sinte- 
mass 
rgies 
seous 
com- 
pased 
iin to 
vould 
vould 
sub- 
seous 
mass 
-com- 
rease 
ir as 
ined. 
with 
ar- 
they 
gram 
vhich 
their 
vyhere 
aAnUS, 
there 
vhich 
there 
the 
state 
ith a 
eems 
| has 
stem. 
and 
re no 
piter 


May 24, 1919 


SCIENTIFIC AMERICAN SUPPLEMENT No 2264 


323 


—_ 


and the sun, but it is not difficult to imagine that 
somewhere in between the increased mass and increased 
density would again produce an internal condition in 
which the production of heat would be so great that 
the mass would begin to glow and that relief from this 


state of excessive energy would be found in a de- 


ereased density. Thus the sun, which is in the very 
midst stellar conditions, has a density but little 
in excess of that of Jupiter notwithstanding its enor- 


mous 

When the stellar condition had been reached by a 
growing saseous mass, the radiation of its energies 
into space would afford relief to the imprisoned atoms, 
tending to check the disintegrating process. Eventually 
there would be an equilibrium between the energies fur- 
nished by the process of dissolution and the energies 
expended in radiation and gaseous expansion against 
gravitation. If the process of gathering up atomie and 
other material from space were discontinued, the mass 
of the star would diminish, its volume would shrink, 
and its density would increase. The temperature event- 
ually would fall and the critical state would be passed 
again, but this time in the direction of a return to the 
pre-star state. There would be relief from the excessive 
pressure and temperature which had brought about the 
release of subatomic energies, and a return to the 
dark state would be possible. 

It is not necessary, however, to suppose that the in- 
gathering process is stopped. If it continued at a suit- 
able constant rate an equilibrium would be attained 
between the income and outgo of energy, the energies 
of radiation would be continued, the mass would re- 
main constant, and it would endure as a star forever. 
If in its wanderings the star passed through a region 
unusually rich in material, its mass again would grow 
and its temperature would rise until it attained the 
white brillianey of star of spectral type A or B or in 
the extreme case pass into the nebular state, in which 
the internal energies are gravitational-potential rather 
than the kinetic energies of heat. If it is assumed, as is 
natural, that in such a vigorous process of dissolution 
there would be a large residue of hydrogen and helium, 
we can account for the peculiar character of the spectra 
of stars of these types, for, owing to the 
lightness of these gases, they would rise to 
the surface and form an extensive envelope 
surrounding the brilliant star itself. 

In connection with the point at which we 
have now arrived, W. W. Campbell has made 
the following observations :* 

“The class B stars and the stars containing 
bright lines are where the planetary and ir- 
regular nebule exist. Going further into 
detail: wherever there is a great nebulous 
region either in or near, or outside of the Milky Way 
you will find the class B and earlier types of stars ab- 
normally plentiful; and the chances are fairly strong 
that some of the stellar spectra will contain bright 
lines. This is true of great regions in the Milky Way; 
it is true of the Orion and Pleiades regions, which we 
see at some distance outside of the Milky Way struc- 
ture, though they are doubtless within our system. If 
you see a wisp of nebulosity near a bright star, look 
up the star’s spectrum and you will probably find 
it an early class B, as in the case of Gamma Cassiopeiae, 
a second-magnitude star, with nebulous structure near 
it whose spectrum contains both dark and bright lines 
of hydrogen and helium. If you see an isolated bright 
Star enmeshed in an isolated patch of nebulosity, 
and books say the star (BD-10°4713) is yel- 
low, or of class G, communicate your suspi- 
cions that the books are mistaken about’ the 
Star’s spectrum to Professor Pickering, and he will 
probably reply that the star is in reality a very blue 
one of early class B. That is what happened a fort- 
night ago about this particular nebula and the star near 
its apparent center. If you find a red or yellow star 
of normal type do not look for a nebula in apparent 
contact with it. Nebulae and red stars do not coexist. 
You will find about the same number of red stars in the 
Milky Way that are visible in similar areas far from 
the Milky Way. You will find an occasional red star 
in the region of the Orion nebula and of other large 
nebulae, but the red stars will not appear there in 
greater numbers than, their approximately uniform 
distribution over the sky requires. 

“The connection between the nebulae and the bright 
line stars and between nebulae and the early class B 
Stars is close, both as to their types of spectra and as 
to their geometric distribution.” 

Just as the kinetic theory of gases shows that there 
is a lower limit to the mass of a planet which can 
retain an atmosphere, so the present considerations 


_ “Address of the Retiring President of the American Asso- 
ciation for the Advancement of Science,” Science, xlv, 545, 
1917, 


SOLID TRANSITIONAL 


suggest a lower limit of mass to a star which can emit 
light, and possibly also an upper limit to the mass of a 
star beyond which the star passes into a nebula. An 
exact correlation between the mass of a star and the 
intensity of its radiation would be expected only for 
those stars in which there was equilibrium between the 
energies released and the energies radiated. A star 
growing in mass with relative rapidity might lag in 
temperature, owing to a possible time element in the 
release of subatomic energies; and likewise a star de- 
creasing in mass might remain for a long period rela- 
tively too hot. But on the whole one would expect an 
increase in temperature with an increase of mass until 
the kinetic energy of the molecules became so great that 
the star tended to pass from the gaseous to the nebulous 
stage. This would mean a decline in internal pressure 
and in radiation, although the internal energies, in- 
creasingly of the potential form, were exceedingly great. 
The increase in the mean free path of the molecules 
and the decline in internal pressure would tend to 
check the release of subatomic energy, and in the ex- 
treme nebular state this release may virtually cease. 
In this manner one is led to imagine a maximum mass 
beyond which a star, as such, cannot exist. If nebular 
radiation be left out of consideration, a maximum of 
stellar mass would imply that there exists a maximum 
of stellar radiation. Although different stars vary enor- 
mously in the amount of their radiations their varia- 
tions in mass are not excessive, at least if we may 
judge from the few masses which are definitely known. 

If in its early stellar stage a star is of red color, one 
would expect to find a class of red stars of relatively 
small mass, viz., those masses which have been slowly 
growing toward starhood. On the other hand, stars 
which are condensing from a nebula of large mass 
would present a class of red stars of large mass. The 
kinetic theory of gases would lead us to doubt the 
possibility of a nebula of small mass, or a nebula of 
very low density, even though the mass be large, ever 
condensing into a star through its own gravitational 
attraction. Thus, if all the mass in the solar system 
were a spherical nebula 10 times as large as the orbit 
of Neptune, its velocity of escape would not be less 
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The density of the principal bodies in the solar system as 
a periodic function vt the mass 

than the velocity of escape on the moon, and it is well 
known that the moon cannot retain an atmosphere. It 
would seem that such a nebula would dissipate rather 
than concentrate. A third class of red stars would 
be those which were approaching extinction or passing 
into the dark gaseous state. If the main source of 
stellar radiation is the subatomic energy,’ and if these 
energies are completely given up so that the atomic 
mass disappears, then one would expect those stars 
which are approaching extinction to be of small mass. 
If the various chemical elements have different critical 
conditions of temperature and pressure for the release 
of their subatomic energies, the mass of a fading star 
would depend upon its chemical constitution, and so 
also would the mass of a young star. While this va- 
riation of composition would permit a variation in 
the mass of such stars, on the whole one would expect 
them to be small and of high density. One would ex- 
pect, further, red stars of small mass to show consid- 
erable variability in their luminosity, owing to the 
cataclysmic nature of the process of changing from one 
physical state to another. These anticipations with re- 
spect to the red stars are quite in harmony with our 
present knowledge of this class of stars. 

It is natural to suppose that atoms which are formed 
by the flow of energy through space would have little or 
no velocity at the time of their formation, and that the 
recently formed, irregular nebulae would have low 
velocities. On the other hand, nuclei of stellar types 
which have long been of stationary or of decreasing 
mass would have relatively high velocities, owing to 
the differential gravitation of all the stars exerted over 
enormous periods of time. During the process of its 
growth, however, a star would be increasing its mass 
without increasing its momentum, since the momentum 


‘According to the hypothesis of the present paper the 
energy, or heat, obtained from gravitational contraction is 
merely energy which has been absorbed from the star itself 
on some previous occasion during a process of expansion 
against gravitation. In the long run no energy is obtained 


from this source, though it serves admirably as a reservoir 
of energy which can be drawn upon duripg times of famine, 
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of the added material would be approximately zero, 
and therefore its velocity would be decreasing. If the 
surmise that a growing mass means an increase in the 
rate of the release of subatomic energy is correct, then 
the growing star would push its way through the va- 
rious spectral types toward class B with an ever-de- 
creasing speed, which is quite in harmony with our 
knowledge that stars of class B have low velocities 
and that higher velocities are associated with the stars 
of deeper color. It harmonizes also with the knowledge 
that the stars of class B are on the whole the massive 
stars. 
So also a star of class B which was produced from a 
recently formed nebula would have a low velocity, and 
this velocity would increase through the ages, owing to 
the gravitational action of other stars. But in the 
meantime, as it radiated away its energies and de- 
creased in mass its spectral type would change in the 
direction from B toward M, so that again there would 
be an association of the deeper colors with higher veloci- 
ties. Obviously, the same star may at one time be increas- 
ing in mass and decreasing in speed, and at another be 
decreasing in mass and increasing in speed, the spectral 
type changing correspondingly, and these changes may 
be repeated indefinitely. In view of these possibilities, 
then, we cannot assign an upper limit to the duration 
ot the life of a star; nor indeed could we say that a star 
has but one life, for it is quite conceivable that its 
life may be extinguished and renewed many times. 
One can imagine that a wandering star finds its way 
into a nebula of sufficiently enormous expanse and has 
its velocity so decreased that it is unable to escape. 
Another star, and still another, is entangled in its 
filmy substance, and finally a whole group of stars are 
brought to rest within its borders. If these stars come 
from all directions at random, the moment of momentum 
of the group would be small. Since the moment of mo- 
mentum of the nebula itself would be small, there would 
be little tendency for the system as a whole to rotate, 
but under their mutual attractions these stars would 
take the form of a globular cluster. In the course of 
time they would sweep up the nebulous material which 
had bound them together; and this material for many 
ages would furnish the energy for their lavish 
radiation. But eventually it would be ex- 
hausted and the stars would decline in muss. 
As they did so, the gravitational coutrol of 
the group on the individual members would be 
relaxed. The cluster would expand, and final- 
ly, one by one, the stars would escape and pur- 
sue their lonely journeys in search of new ad- 
ventures. 
An unusual epoch in the existence of a star 
will occur when it happens to pass through 
the immediate neighborhood of another star, an event 
which is almost certain to occur in a sufficiently ex- 
tended period of time. ‘The results of such an en- 
counter are studied in the well-known researches of 
Chamberlin and Moulton on the planetesimal hypothe- 
sis of the development of our own planetary system. In 
this hypothesis the fundamental assumption is that at 
some remote epoch in the past our sun, even at that 
time a star, passed close by another star and that our 
planetary system has grown up and developed from fhe 
material which was torn from the sun by the tidal and 
disruptive action of the second sun. If the life of our 
sun is limited to some such period as a thousand mil- 
lions of years it must be admitted that the chance 
for its encounter with another sun during this relatively 
short interval is small, and this objection has been 
urged. But if the time limit on the duration of the 
sun’s life be removed, such an encounter becomes very 
probable, indeed almost a certainty, and our confidence 
in the planetesimal hypothesis is strengthened. 
But if the sun is living upon material which is drawn 
in from surrounding space, the planets, too, at a smaller 
rate, must be adding to their masses and therefore 
growing, since they have not yet reached a stellar con- 
dition. In the course of time they too will grow to the 
full stature of a sun unless in the meantime the 
mutual perturbations of the planets shall have brought 
about the destruction of one or more of them through 
collisions among themselves or with the sun. Obviously 
the growth of the planets in such a manner would re- 
sult in greatly contracting the dimensions of the plane- 
tary orbits, not only through the gravitative effect of 
increased mass, but also because the ingathering process 
would have much the same effect as friction, since the 
process would add nothing to the momentum of the 
planets and would therefore decrease their speeds. It 
seems quite likely that the road to stellar condition 
would not be traveled very far before the terrestrial 
planets would be swallowed up by the sun, and, if the 
sun also were growing, by the time it had arrived at 
spectral type B the sun and Jupiter only would be left to 
(Continued on page 320.) 
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A group of Havasupai about to patronize the sweat-house 


Cataract Canyon, Arizona, where the Havasupai live 


A Miuniature from the Past 


Dwellers in Arizona Today Who Appear To Be Left-Overs from the Stone Age 


In recent years explorers have penetrated to the ut- 
termost parts of the earth. These expeditions com- 
bined with the many and varied means of rapid mod- 
ern communication over long distances linking up the 
nations of the world have made the globe seem like a 
small and thoroughly well known place today. 

Nevertheless it is a fact that even yet explorers do 
occasionally return home with some very unexpected 
results in the way of discovery of new people, new ani- 
mals and even now and then of new continents. 

Stefansson’s recent return from the Arctic recalls 
that he discovered the so-called “blonde Eskimo.” Dur- 
ing another expedition, in which Colonel Roosevelt 
prominently figured, the famous “River of Doubt” was 
placed on the map and then there was the great Congo 
Expedition under American auspicious which pene- 
trated through little-known negro kingdoms into the 
heart of the Black Continent and brought back to 
civilization several heretofore unknown animals. 

Now Mr. Leslie Spier, of the American Museum of 
Natural History, New York, has just had the unique 
experience of observing a truly primitive people living 
at this very time not in the heart of darkest Africa but 
right here within the boundaries of the United States, 
the little-known Havasupai Indians of Arizona. 

These Indians are still what may be called a savage 
tribe and in most particulars are not much further ad- 
vanced in their manners and customs than our remote 
ancestors of the Stone Age. They have been almost to- 
tally passed by in civilization’s westward march on 
this continent, principally because of their inaccessible 
location. 

As strange a story as in the children’s wonder books 


is the tale of this lost wild tribe. Few indeed are the 
white men who have ever to this day penetrated to their 
village, and even the younger Indians distinctly re- 
member the very first white man who descended to 
their canyon home. They live in the bottom of Cataract 
Creek, a gigantic chasm which joins the Grand Canyon 
of the Colorado in western Arizona. The nearest 
trader's store is 120 miles away, and a nearly water- 
less desert lies between it and the precipitous trail 
into the narrow canyon. The canyon walls are 3,000 
feet high—four times the height of the Woolworth build- 
ing with sheer sides to which the horsetrail clings un- 
til it plunges in zig-zags down a corner of the wall. 

The Havasupai are ignorant of the use of matches 
and still light their fires by rubbing sticks together and 
less than ten years ago they were using exclusively 
stone heads for their hunting arrows and stone imple- 
ments in their different occupations and to an extent 
use them still. They are so far behind the times that 
they have but little idea of money or its value and have 
no regular use for it among themselves. 

Because of their isolated position, they are almost 
entirely without communication with the outside world; 
wars may wage and dynasties tumble as they have 
during the past four years without their knowledge. 
They have never been warriors, because they have al- 
ways been numerically weak. Hostile raids into their 
canyon home have been ineffective because of the diffi- 
culties of ingress. They are as simple, friendly and in- 
telligent a people as those Columbus discovered when 
he landed upon the shores of the New World. 

Yet with all this the Havasupai village is one of the 
few entirely self-supporting communities producing 


everything for its own needs within our country’s 
boundaries. There is a very good reason for this as the 
canyon bottom is a perfect oasis in the semi-dessert 
which covers northern Arizona. Here great fields of 
corn, beans, squash and fruit including the fig are 
raised. Wild seeds and cactus are gathered on the 
surrounding mountains in which deer, antelope, moun- 
tain sheep, and wild turkey abound, everything needed 
to well support the tribe. A large traffic in native pro- 
duce is still Kept up with the neighboring tribes who 
are also somewhat isolated, and until the most recent 
period these Indians had practically no relations what- 
ever with the white settlers encroaching on their hunt- 
ing grounds. 

While they have characteristics of other tribes well 
known to Indian students—the Pueblos, Mohaves, and 
Plateau people—at the same time they are entirely in- 
dividual and their exact origin is unknown. 

It is a small tribe with only about 175 members now 
and according to their traditions there never have been 
more than 250. There is a scarcity of women between 
20 and 40 and a number of widowers with children. 
Altogether there are thirty-eight camps or family groups 
with several houses in each. 

On the top of the plateau from which one descehds 
to the Havasupais there is a country of pine forests. 
Going down one passes through the arid regions, and 
on reaching the bottom of the canyon finds the fertile 
oasis just mentioned. 

Before Mr. Spier visited the Havasupai he first sent 
a representative to them, a friendly Indian who under- 
stood their language, to learn if they would be willing 
to receive a white visitor. They replied they would 


The good old-fashioned way of making a fire 


them i! 
country 
The 
crudest 
anythir 
of the 
go 
to Mr. 
househ: 
have a 
and ba: 
other 
They 
juice, a 
and sh 
meats 
from t! 
They | 
more 0! 
on the 
made 0 
The 
all the 
food w 
Accordi 
average 
the pre 
he aflir 
variety 
ceeding 
product 
was mi 
into pat 
Spier a 
ever wl 
dishes | 
squash 
mashed 
They 
amused 
so mucl 
ingly be 
their r 
gathere 
at the 
Unlik 
ized Ir 
Havasu 
called u 
men an 
fields, b 
al 
lands a 
Perh: 
uously | 
cooks, | 
The 1 
a little 
make |}, 
work o 
women 
with na 
articles, 
their ey 
remem| 
they ha 
Mr. ; 
though 
are the | 
Indians. 
club of 
Stantly 
with eit 
Every 
or three 


\ 
May 
324 SCIENTIFIC AMERICAN SUPPLEMENT No. 2264 | 
| af only et 
world. 
J ~~ a 
| ee The Head Chief and his wife decked out in their finest 


ountry’s 
S as the 
dessert 
ields of 
fig are 
on the 
*, moun- 
needed 
five pro- 
bes who 
t recent 
is what- 
‘ir hunt- 


bes well 
ves, and 
irely in- 


ers now 
ive been 
between 
children. 
y groups 


descends 

forests. 
ons, and 
e fertile 


irst sent 
under- 
> willing 
would 


May 24, 1919 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2264 325 


be very “lad to welcome such a guest. 


of the men will say to another, “Let’s go 


The next proplem was to get there, the 
only entrance to their canyon is by a pre- 
cipitous trail, the rocks forming great 100- 
foot steps, the final 500 feet being down a 
yertical wall on which the visitor has the 
appearance of a fly. This difficulty of 
entrance |:as for years prevented the visit 
of friends and foes and has kept the peo- 
ple a lost tribe. 

Mr. Spier is a young man and well 
knows What roughing it in the West 
means, but he did not undertake the jour- 
ney down the 3,000 feet of steep sheer 
rock surface of the canyon without consid- 
erable fear and misgivings as to whether 
he would ever reach the bottom. 

However he made the trip without mis- 
hap and (he Indians welcomed their guest 
as a special ambassador from another 
world. He spent a month and a half with 
them in what was an almost undiscovered 


over to So-and-So’s and have a sweat,” 
and a group will gather here and there. 
Four seemed to be the sacred number of 
the tribe. Four would go into the sweat- 
house together, come out and plunge into 
the creek and then dry off and go in 
again until they had been in four times. 
They dry off between sweats, sitting out- 
side, and that is the time for gossip. 

The sweathouse is a small, almost air- 
tight hut, with a hot stone on which 
water is thrown to make steam. It is 
pitch dark, and when Mr. Spier went in 
he was glad to have some one with him, 
the gloom being almost terrifying in the 
intense heat. The men wear simply a 
breechcloth in going in and the women a 
double apron. 

For musical instruments the people 
have drums and rattles, and for recrea- 
tion, besides gambling, they have dances. 


country. 
The tribe lives in brush huts of the 


erudest nature as much as they live in 
anything, for the climate at the bottom 
of the canyon is very mild, and it is only necessary to 
go inside when it rains. One of the tents was assigned 
to Mr. Spier. His own blankets served for a bed. The 
household equipment of the people is slender. They 
have a few cooking utensils of their own manufacture 
and baskets serve for table service as well as for many 
other purposes. 

They take a basket, make it fireproof with cactus 
juice, and put their corn in it together with hot coals, 
and shake the basket to parch the corn. All their 
meats are dried and the explorer never could tell one 
from the other, but always had to ask what it was. 
They have no fixed times for meals and eating is 
more or less a continuous process, the pot being always 
on the fire, and the housewife stirs it with a spoon 
made of antelope horn. 

The Indians eat from baskets, deep square trays, 
all the family eating from one tray, taking up the 
food with the fingers or with the native corn bread. 
According to Mr. Spier these Indians could give the 
average American housewife many tips in reference to 
the preparation of corn dishes. In fact 
he aflirms they have an almost endless 
variety of them and nearly all are ex- 
ceedingly palatable. One of these corn 
products which was new to the explorer 
was made of green corn mashed, made 
into patties and cooked in corn husks. Mr. 
Spier affirms that it was delicious. How- 
ever what he considered one of the best 
dishes of these Indians was made from 
squash blossoms boiled like spinach with 
mashed corn. 

They use very little salt and were 
amused that their white visitor needed 
so much of it. They do not use salt spar- 
ingly because it is scarce as it is one of 
their native supplies, rock salt being 
gathered by them in any quantity desired 
at the Grand Canyon. 

Unlike those of some other more civil- 
ized Indian tribes the women of the 
Havasupai are well treated, nor are they 
called upon to do all the work as both the 
men and women work side by side in the 
fields, but the labor is not hard as things 
grow almost spontaneously in the fertile 
lands at the bottom of the chasm. 

Perhaps the women work more contin- 
uously than the men as they are also the 
cooks, but they are not overworked. 

The men hunt a little, not much, trade 
a little with other tribes, and the women 
make haskets—that is a sort of fancy 
work of theirs, and both the men and 
women gamble in a sort of fantan played 
with native dice. They play for different 
articles, money having but small value in 
their eyes which is not curious when it is 
remembered that in their canyon home 
they have nothing to spend it for. 

Mr. Spier is of the opinion that al- 
though the least civilized, the Havasupai 
are the cleanest of all our North American 
Indians. The Sweathouse is the social 
club of the place. The men use it con- 
Stantly and the women go in sometimes 
with either a husband or a brother. 


A storage plant out of reach of the floods 


Winter quarters in a cave high up 


in the cliff 


In the fall when the crops have been 

gathered they have a big harvest dance 

which lasts for several days. The walls 

of the canyon in which these Indians live, 
ure filled with caves in which Mr. Spier is of the opin- 
ion there once lived a prehistoric people who may or 
may not have been the ancestors of these Indians. 
The tribe now use these caves as storehouses and also 
as a place of protection in inclement weather, in case 
of floods, which are at times serious in their bottom 
lands. ‘The tribe is thrifty and has always a year’s 
store of grain on hand in case of the loss of a crop by 
the torrents. 

While Mr. Spier was with them last summer one of 
these floods came. It was in midday when the men 
were in the sweathouses. Suddenly the explorer was 
startled to see his interpreter dart past him, in the 
sweathouse garb, calling in the Supal language: 

“Here she comes; run for the cliffs.” He then gath- 
ered up a child in one arm and grabbed the mother, 
whom he pulled after him. 

This was a cloud burst, and three children, many 
huts and a third of the crops were lost. In the caves 
in the cliffs the people are safe and when the water 
subsides they again return to their lowland homes. 

The climate in the canyon being so mild 


for a greater portion of the year the 
Havasupai do not really need much cloth- 
ing and for what they require they princi- 
pally depend upon deerskins. 

Recently however some of the most ven- 
turesome of the young men of the tribe 
have gone to the upper earth to work as 
cowboys and during these trips they have 
secured some second hand white man’s 
garments in which they proudly attired 
themselves on state occasions. Mr. Spier 
when he arrived in the canyon, was sur- 
prised to see the old chief of the tribe 
dressed in a semi-civilized costume and 
prepared to receive him with all due hon- 
ors. After these ceremonies were over 
the dress of the white man was however 
quickly discarded by the old Indian who 
stated he believed the breechcloth more 
comfortable and certainly cooler. 


Industrial Substitutes in Germany 

Since April, 1915, no cottoon has been 
used in the manufacture of smokeless 
powder in Germany, its place being taken 
by cellulose obtained from German woods. 
Camphor, which up to seven years ago 
was imported from Japan, was then re- 
placed by a product made synthetically 
from American oil of turpentine, but when 
the importation of this oil was stopped, 
the whole of the camphor required for ex- 
plosive purposes was prepared from Ger- 
man materials. It is claimed that the 
new synthetic product is cheaper and bet- 
ter than that derived from oil of turpen- 
tine. A substitute for manganese in steel 
was discovered in February, 1916, and 
has been used ever since. New works 
for the production of the ferro-manga- 
nese substitute are also in course of erec- 
tion. The introduction of nettle fibres as 
a substitute for cotton in textile fabrics 
has given excellent results, especially 


Every one has a sweathouse and two 
or three are usually going at a time. One 


The explorer’s housekeeper and the brush mansion in which 
he was i 


when they are spun with a small propor- 
tion of cotton waste.—Weltwirtschaft Zeit. 
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The Significance of Dreams 
The Freudian Theory of Psycho-Analysis Illustrated 


Editorial Note.—This critical note by the well-known 
editor of the Italian Synthetical Review of Science 
“Scientia” (Bologna) is based upon a recent work by 
J. H. Coriat, The Meaning of Dreams (Heinemann, 
London, 1916), which sets forth and illustrates very 
clearly and synthetically the theory of Psycho-analysis 
as formulated by Freud and his disciples. 

Tue psycho-analytie school founded by Freud has, as 
we know, raised the dream to the dignity of an in- 
strument of research adapted to be made use of in the 
discovery of certain sentiments and desires which are 
either innate or date from the earliest infancy and 
which are in any case the most intimate and personal 
emotions possessed by every individual—sentiments and 
desires which do not ordinarily make themselves known 
because they are repressed or inhibited by other senti- 
ments and desires, which are antagonistic to them and 
which have their source either in education or in social 
life in general. According to this school dreams rep- 
resent nothing more than the satisfaction, realized by 
means of the imagination of one or another of these 
repressed desires. According to this view, therefore, 
they lose their futile aspect of states of consciousness 
dominated entirely by the mechanical and fortuitous 
process of the association of ideas (governed only by 
the well known laws of contiguity, simultaneousness, 
and resemblance, which in the last analysis can all be 
reduced to the single law of partial coincidence), and 
acquire on the contrary the profound significance of 
furnishing the explanation of an emotional life more 
intimate and more genuine than that which manifests 
itself in a waking state. According to the head of this 
school and the most eminent of his disciples these in- 
timate desires which are in operation in dreams may 
even be said to be exclusively, or at any rate predomi- 
nately, of a sexual nature; this idea, however, is so 
one-sided and exaggerated that it has been abandoned 
even by many psychologists who belong to this school 
of thought. 

If the matter be reduced to the following formula i. e., 
to the aflirmation that to the free play of the associa 
tion of images which are purely intellectual (and it 
cannot be denied that in many instances this is not 
exclusively or even mainly the case), it is sometimes 
necessary to add those latent desires which become 
active solely during the dream precisely because they 
are no longer inhibited by the antagonistic or absorb- 
ing emotions of the waking state, and which evoke 
images both of desire and fear and guide the whole 
dramatic action of the dream, then [| say, we cannot 
withhold from the Freudian school the credit of hav- 
ing added one more valuable instrument of research 
to our systems of psychological analysis. This school, 
however, has been guilty both on the part of its founder 
and even more on that of many of his disciples of such 
wild exaggerations that they have threatened to en- 
tirely discredit even the very real contribution made by 
it to the science of pyschology. 

The first prejudicial opinion which has arisen with 
regard to this school is a result of the somewhat meta- 
physical concept of the “subconscious mind” propound- 
ed by the psycho-analysts. They behold it almost like 
a second personality included within our ordinary per- 
sonality and as being almost our enemy in fact—as 
being always awake, never surfeited, always ready to 
escape, and with the will to satisfy its unsatisfied de- 
sires as soon as the ordinary personality quiets down 
in sleep. But even if we admit that there may enter 
into the dream some of the most intimate emotional 
tendencies and desires quite distinct from those of the 
waking state, the case is entirely different from that 
of a double personality. True cases of double per- 
sonality may be either pathological or physiological, 
the latter being represented by the common instances 
of states.of abstraction of thought during which the 
individual may walk towards his place of destination 
without running into passers by or being run over, 
though having his mind occupied the whole time with 
other affairs, and it must be admitted that in such cases 
both of the emotional or “effective” states which direct 
the simultaneous actions of the two personalities, are 
themselves simultaneously active; as regards those emo- 
tional tendencies, on the contrary, which are revealed 
during sleep and by their controlling influence upon 
dreams, we are bound to suppose that they exist nor- 
mally “in the potential state,” and do not become 
active except when the emotional tendencies which 
control us in the waking state have passed into the po- 


*Translated for the ScinnrTiric AMERICAN SUPPLEMENT 


By Eugenio Rignano 


tential state. Thus there is no struggle between the 
“conscious mind” and the “subconscious mind,” but 
merely the peaceful entrance of the latter upon the 
scene when the former has passed into a state of 
slumber. There is a struggle between the double per- 
sonality, on the contrary, in certain pathological cases, 
more especially that of hysteria, which we shall refer 
to further on. 

The psycho-analysts exaggerate, moreover, when they 
pretend that all or nearly all the desires which are in- 
nate, or which arise in any manner whatever during our 
earliest infancy, and which are later suppressed by 
the new moral sentiments created in us by education 
and by civilized life, are preserved unaltered though in 
the potential state, in our psychological life. We are 
forced to believe, on the contrary, that sentiments and 
desires, like sensory memories, completely disappear, 
even as regards a mere potential state, if they remain 
too long unrevived. Consequently, we may consider as 
highly artificial, or even completely fantastic, certain 
explanations of dreams based upon sentiments and 
desires of more or less secondary importance which the 
individual may have felt occasionally or which it is 
arbitrarily imagined that he felt in the first years of 
his infaney. This is the case, for example, with those 
very ordinary dreams in which we dream that we are 
partially or entirely naked, or that we are flying, or 
that we are losing one of our parents. Before the rise 
of the psycho-analytical school these were explained 
very simply as follows. It was said that the dreams 
of nakedness were to be explained by the absence of 
the constraint caused by the clothes worn during the 
day, that the flying dream was caused by the lack of 
the pressure against the soles of the feet which we 
feel when standing or sitting, and finally that the 
dreams of death were occasioned by the survival in 
the memory of the anxieties regarding a beloved parent 
which often oppress us by day until they are driven 
away by the sight of the said person in obvious good 
health. The psycho-analysts, on the contrary, pretend 
to give these dreams a more “profound” explanation. 
They connect the first two kinds of dreams with the in- 
tolerance with which we regard while infants the 
social restrictions which are imposed upon us, or with 
the innate desire of liberty, and they connect the third 
kind with the ill-feeling which some chance punish- 
ment or fit of jealousy has caused us to experience 
towards one or the other of our parents at a very 
tender age. 

The artificial character of some of these interpreta- 
tions is emphasized by the subsidiary hypothesis to 
the effect that these latent desires which come to life 
while we are asleep instead of satisfying themselves 
merely by the direct exercise of the imagination make 
use of a tortuous symbolism, the design of which is to 
prevent too free a revelation of the things we covet. It 
is quite obvious that by such a procedure we can make 
au dream mean anything we please. For example, a 
woman dreams about a child seated on the back of an 
elephant. The explanation is one of the simplest 
offered—namely, the woman would like a child but she 
is of ripe years and realizes at the same time that at 
her age a child would be a great burden; hence when 
she dreams of an elephant she is merely symbolizing 
this burden. In another dream the dreamer saw the 
lady of the house where he was visiting suddenly hide 
under the table, crouching down in a manner which 
was in violent contrast with her usual serious and 
dignified attitude. This was explained by the theory 
that the dreamer desired to be on terms of closer inti- 
macy in the family, so that the lady would feel free to 
treat him without ceremony and thus would be willing 
to have him oftener as a guest. 

These two examples, which are cited as specimens 
of this kind of explanation in the volume which has 
inspired these remarks, show sufficiently well the arti- 
ficial and arbitrary character of certain psycho-analyt- 
ical interpretations, according to which the celebrated 
“subconscious mind” is supposed to have recourse to an 
extravagant symbolism, instead of fulfilling its sup- 
pressed desires directly by means of the imagination. 
But this school is not even content with such far- 
fetched symbolism. To make even more difficult the in- 
terpretation of dreams they have devised theories of 
“condensation” and of “displacement.” 

In virtue of the first each element of the conscious 
content of a dream is supposed to result from the su- 
perposition and the fusion of a large number of com- 
ponent elements which are furnished by the subcon- 


scious mind. Thus, for example, an unknown counte. 
nance which makes its appearance in a dream might 
result from the condensation of four faces: that of an 
adored young girl, that of a lady of one’s acquaintance, 
that of a pupil of the dreamer, and that belonging to the 
portrait of an actress. In virtue of the second process 
an element which is of minimum value in the subcon- 
scious mind may be pushed forward, so to speak, to 
the first rank in the dream and thus appear to be of 
xreat importance, while an element of the greatest ip- 
terest for the subconscious entity may appear in the 
dream under the modest aspect of an insignificant de- 
tail, and the task of the psycho-analyst consists ae- 
cordingly in employing all his sagacity to trace it and 
throw it into high relief. 

And as if all this were still not enough this school 
assumes the operation of another factor, namely, the 
work of the “censor.” This so-called “censor” is that 
element which is supposed to be responsible for the fact 
that the subconscious mind instead of fulfilling its de- 
sires directly and frankly by the help of the imagination 
finds itself obliged to resort to such tortuous and 
fraudulent processes as the ones just mentioned: sym- 
bolism, condensation and displacement. The ordinary 
consciousness of the dreamer, namely, that which is 
active in the waking state, becomes somnolent without 
being entirely asleep during the state of slumber: and 
without always having sufficient strength, as it has by 
day, to entirely repress the desire which is struggling 
to find expressioin, it still has a sufficient amount of 
resisting force to oblige the subconscious mind to 
satisfy its desires, not by the royal highway of simply 
imagining the objects and the facts desired, but by 
the winding by-path of symbolism, condensation and 
displacement. In other words there is supposed to be 
a sort of struggle between antagonistic emotional ten- 
dencies, a struggle which ends by disfiguring and de 
forming the intellectual process of ideation, constructed 
with the object of satisfying one of these tendencies. 

The psycho-analysts even go so far as to maintain 
that without the work of the censor, i. e., if the subcon- 
scious mind were able to satisfy itself by the royal 
road of imagining the direct accomplishment of its 
desires, then the consciousness of the sleeper would in- 
stantly awaken him, thus interrupting the restorative 
action of slumber. According to this theory, therefore, 
the complicated mechanism of the dream (to which 
is due the absurdity found in most dreams) has for its 
object not only the satisfaction of the subconscious 
mind but the deception of the ordinary conscious mind 
of the sleeper and the eluding of the surveillance of the 
censor so that the sleeping individual shall not awaken, 
thus enabling the restorative processes of sleep to 
continue undisturbed. 

Thus we see that while the majority of psychologists 
explain the absurdities of dreams by referring them to 
the setting at liberty of the mechanical and fortuitous 
association of ideas, because of the non-emotional con- 
dition of the sleeper (which thus arrests the work of 
inhibition and the control of emotional tendencies which 
operate in the waking state), the psycho-analysts, on 
the contrary, perceive in every dream, no matter how 
futile and bizarre, a sort of oracle capable of unveil- 
ing the profoundest arcana of the human soul, but 
lending itself also, like all oracles, to the most arbitrary 
and the most fantastic interpretations. 

We repeat, however, that there is and there will 
remain something of fundamental truth in these bold 
theories, because the associationists have trully too 
much neglected the action which may be exerted in 
dreams by certain emotional tendencies, which ordi- 
narily remain in the potential state, but which rouse 
themselves during slumber when the tendencies of the 
waking state are deadened; it is also true in general 
that the associationists have too much neglected in 
their consideration of all psychological facts and pro- 
cesses, the effect which may be exerted by the emotional 
portion of our psychological entity upon the intellect 
ual portion, and it is not to be denied that certain 
morbid states, certain forms of hysteria in particular, 
have sometimes found an adequate explanation and a 
correspondingly successful treatment in the psycho-ana- 
lytic theories concerning the origin of dreams; for if a 
dream represents (as according to these theories), the 
way of escape of a repressed desire, certain neuroses, 
especially those of a hysterical nature, must be due to 
the absence or the insufficiency of this safety valve, 
whence springs the psychological devastation caused by 
an emotional tendency which suddenly imposes itself 
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imperiously upon the normal emotional life, after 
having been long repressed. But while we may ac- 
knowledge that there is something real and true in these 
psycho-analytical theories, they are so disfigured by 
the one-sided and extravagant character of the appli- 
cations made of them, and so buried under the mass of 
arbitrary and fantastic interpretations of the most fu- 
tile dreams, that one is tempted to reject the true along 
with the absurd, and this would be an unfortunate 
mistake. We conclude, therefore, that we have here a 
striking case in which to apply the ancient adage: 
Cum vrano salis. 

And making use of these principles, which are always 
incomplete though never spurious, one makes his judg- 
ment with the same assurance as if all his psychological 
property were at his disposal. Consequently the intel- 
lectual or moral quality of the judgments he forms de- 
pends exclusively upon chance: thus it may be admira- 
ble at any given moment but give way the next instant 
to the most absurd or abominable decisions through 
the lack in the conscious mind of one or another moral 
or logical idea or the failure to perceive some necessary 
contingent or accidental fact. 

Let us consider a few examples. 

In the dream of the two clocks the reasoning is 
quite correct and even rather ingenious so long as the 
elements which it brings into play are sufficiently com- 
plete. It will be observed, however, that I estimated 
the length of the arc extending from St. Germain des 
Prés to the Montparnasse Railway Station at several 
degrees because at the moment I thought that the diam- 
eter of the earth was only a few hundred meters long, 
being temporarily deprived of all knowledge of its real 
length, which had I been awake I could have easily 
recalled; in the same way I thought that the large 
hand of the clock made only one revolution about the 
dial in twelve hours, because I knew, in fact, that 
this is the ordinary speed of one of the hands but I 
forgot for the time being that it is the small hand and 
not the large hand which moves at this rate of speed. 
So much for logic. Let us now consider a question of 
fact. In my dream of the poisoned dog I felt a tender 
concern over the fate of a short haired yellow fox 
terrier because the appealing expression of his eyes 
made me take him for my little dog Nina, forgetting 
that the latter was black and had long hair and that 
consequently this terrier could not be she. All the 
facts of the incorrect recognition in dreams which has 
been so much discussed can be explained in a similar 
manner. In the mind of the sleeping Egger’ let the 
image of a blond young man with a timid air arise 
and at the same time the idea of Gambetta appear, 
drawn forth by another association, and the dreamer 
will take fhe young blond to be Gambetta. And the 
intellect of Egger will utter no protest concerning 
the improbability of this false recognition because 
everything which might indicate its falsity is for the 
moment absent from his mind. We now come to 
moral ideas. In the dream of the Garibaldian the 
reason why M. K. felt no disgust in committing sodomy 
ipon the execrated person of Napoleon III., was be- 
cause there was absent, for the moment, from his con- 
scious mind the sentiment that such an act would be 
doubly odious, both because of its nature and because 
of the subjects it brought together. Let us close our 
argument by the fact in the realm of simple common 
sense. The reason why Bernard Leroy* in his dream 
of the symbolic bell tower took a church tower to be a 
young girl and felt no surprise at seeing the said tower 
take its seat at the banquet table was because there 
was absent for the time being from his conscious mind 
the common-sense idea that a tower could not be a 
young girl and sit down at the table. 

We have said enough in the preceding pages to be 
now able to state the psychological definition of the 
dreamer in a few phrases which will serve to conclude 
this work. 

The dreamer is a sufferer from partial but not sys- 
tematic amnesia, and the field of his memory is both 
limited in extent and constantly variable in form, in 
contour, and in localization. He makes correct use of 
the materials which are within his reach and all the 
mistakes which he makes, whether in the realm of 
fact, of good sense, of logic, or of morals, are due not 
to any vitiation of the functioning of his mental facul- 
tices, but merely to the circumstance that all the ideas 
which might enable him to avoid such mistakes are 
temporarily absent from his conscious mind. Unlike 
many sufferers from waking amnesia he is entirely 
ignorant of his own amnesia, and acts at any given 
time as if there were nothing in the universe outside 
those ideas which are actually present in his conscious 
mind.... And he is consequently deprived of all 
capacity to explore the domain of his memory with 

Revue philos., 1898. 

*Jour. de psychol., norm. pathol., 1908, p. 358. 


reference to points which are for the time being outside 
the field of his consciousness. 

The conditions of the war suggest to me a comparison 
which admirably illustrates these incessant variations 
of the field of consciousness in the course of dreams. 
When the airplanes of the enemy are sighted the siren 
sounds its warning and the searchlights come into 
play, whereupon we observe a luminous spot moving 
capriciously about, lighting now one portion of the sky 
and then another while all the rest remains dark. This 
luminous spot always in motion represents che psycho- 
logical consciousness of the dreamer, while the dark 
remainder of the sky stands for all the residue of his 
psychological property, which is for the time being 
entirely outside his consciousness. His psychological 
universe is reduced to this small illuminated area 
which is always in motion and never the same. 


APPENDIX. 


Dream of the Two Clocks.—In this dream I seemed 
to be in the Rue de Rennes on the balcony of a house 
not far from the Rue du Vieux-Colombier; I turned 
my gaze to the right and saw the clock of St. Germain 
des Prés facing me (which is contrary to the reai 
state of affairs). I saw that it was a quarter to eleven; 
1 then turned my head to the left and my eyes fell by 
chance upon the dial of the clock upon the Montpar- 
nasse Railway Station. Upon this the hands indicated 
ten minutes to eleven, whereupon I said to myself 
“Why is the time different on these two clocks?’ I 
began to reason about it as follows: “One of them,” I 
said to myself, “is doubtless badly regulated ;” then 
suddenly an admirable idea popped into my brain. 
“How stupid I am,” I said; “it must be due to the 
difference in the meridians. But does this difference in 
the hour really correspond to the difference of the 
meridian?’ In order to find this out, instead of com- 
puting the distance of the two clocks from each other, 
i took, as I thought, the radius from each of them to 
the centre of the earth, and since the earth appeared 
to me to be much smaller than it really is, I was not at 
all astonished that these two radii made a perceptible 
angle with each other, and that this angle was exactly 
30 degrees in magnitude like that of the large hands 
of the two dials. At first I was quite satisfied with 
this discovery, but then an objection rose in my mind. 
I said to myself, “The hand of the clock goes twice 
round the dial while the earth makes a single revolu- 
tion, hence the angle should be twice as large upon the 
dial of the clock as upon the earth; since it is merely 
the same size there must be an error in the regulation 
of the clocks just as I thought at first.” 

It will be seen how precise and correct was the 
process of reasoning which I pursued in this dream, al- 
though at the same time I was guilty without perceiv- 
ing it of a triple absurdity: First, that of estimating 
the difference in longitude between the two clocks at 
30 degrees; second, of comparing the movement of the 
earth not to that of the small hand, which realiy 
travels twice as fast, but to that of the large hand 
which travels twenty-four times as fast; and third, 
because in any case the clock of the station would have 
been slower and not faster than that of St. Germain, 
since in my dream I saw the former exactly west of 
the latter, this idea doubtless being due to the fact 
that whenever I take the train at this station it is 
always in order to travel westward. 

Dream of the Poisoned Dog (the night of October 7-8, 
1914).—For the understanding of this dream certain 
preliminary explanations are necessary. I possess four 
dogs, three being shepherd dogs with short hair, while 
the fourth is a white fox terrier with a few black spots. 
Several years ago I had a remarkably intelligent and 
devoted black poodle, called Nina, of which I was par- 
ticularly fond. I was obliged to kill her because she 
had become blind and deaf. I have never had a short- 
haired yellow dog in my possession and none of the dogs 
with which I am well acquainted is like this, but a few 
days before a companion had pointed out to me a dog 
of almost exactly such an appearance. I must add, 
furthermore, that one of my shepherd dogs was af- 
flicted with a tape worm and that a potion had been 
made ready to be administered to him the next day. 

In my dream I thought that this draught of medicine 
had just been administered and that the animal which 
had swallowed it showed all the signs of a severe case 
of poisoning. It dragged itself painfully along, fell 
panting for breath, and seemed to be a prey to terrible 
suffering. It looked at me with suppHicating eyes as 
if asking for reliet. I was very deeply affected; I 
picked it up and tried to comfort it with words and ca- 
resses but felt that I was powerless to relieve it and 
had tears in my eyes. What made my pain so keen 
was that this animal seemed to be my dear little Nina. 
And yet the said Nina, who was actually a black poodle, 
in my dream appeared to be a much larger dog with 


short yellow hair and a long heavy body and short 
legs. ... But I was not disturbed by this difference 
of appearance, which did not prevent me from thinking 
that the dog was my little Nina. 


The Action of Ultra-Violet Rays on Sugar- 
Cane, Pineapple and Banana in Hawaii 
By T. Tsuji 

THE author made a prolonged study of the action of 
ultra-violet rays on plant physiology. In the paper 
under review he describes his recent investigations, 
which show perfectly clearly the connection between 
the action of these rays and the formation of carbo- 
hydrates, acids, and other compounds in sugar-cane, 
pineapple, banana, and other tropical plants. 

Sugar-cane.—Perfectly normal sugar-canes were 
grown in the dark at a temperature of 22° C.; they 
grew but became pale. Thirty days later they were 
divided into two lots, one of which was exposed to di- 
rect sunlight, the other to ultra-violet rays from a 
quartz mercury vapor lamp. The etiolated leaves sub- 
jected to the action of ultra-violet rays turned a deep 
green after two and a half hours, whereas those ex- 
posed simply to sunlight kept their yellow color. 

In another experiment three lots of sugar-cane were 
planted. One was covered with colored glass (to inter- 
cept 50 per cent. of the ultra-violet rays of the sun- 
light), the second was exposed normally to sunlight, 
and the third to the combined action of the sunlight 
and that of the mercury vapor lamp. These three lots 
received equal amounts of fertilizer. After several 
months the second lot was found to contain 30 per cent. 
more sugar than the first, and the third lot 8 per cent. 
more than the second. The increase in the weight of 
the sugar of each lot respectively in a given time points 
to the possibility of reducing the twenty months nor- 
mally required for each sugar harvest to less than one 
year by the use of ultra-violet rays. 

Pineapple and Banana.—PVineapples exposed to the 
action of ultra-violet rays ripen more rapidly than 
those exposed to sunlight only. Pineapples were sub- 
jected to the action of ultra-violet rays for forty min- 
utes each morning; the fruit was riper, more juicy, 
and larger than that exposed to sunlight only. The 
same favorable action was observed on the banana. 
Banana leaves and stalks which had been cut and 
placed in water kept their original freshness even after 
two weeks when they had previously been subjected to 
the action of ultra-violet rays, whereas other untreated 
material was faded completely after six or seven days. 
The author sees in this a means of preventing the de- 
terioration of exported bananas, but lays stress on the 
care necessary in the treatment as the distance, dura- 
tion, and intensity have to be very carefully regulated. 

Practical Sources of Ultra-violet Rays.—The ultra- 
violet rays of sunlight are quickly absorbed by the at- 
mospheric gases, and only a small proportion of them 
reaches the surface of the earth. The use of mercury 
lamps is too expensive for practical application. The 
author, therefore, has attempted to devise more eco- 
nomical methods. In his latest system the ultra-violet 
rays are derived from small carbon rods impregnated 
with sodium tungstate, uranium nitrate, ammonium 
molybdate, and titanous chloride.—Louisiana Planter 
and Sugar Manufacturer. 


Two-Cycle Paraffin Oil Engine 

In accordance with the requirements of the Govern- 
ment Department by which it was ordered, a 50-h.p., 2- 
cycle internal combustion engine made at Manchester 
by the Record Engineering Company was recently sub- 
jected to an endurance test of five days. During that 
time, says the Times Engineering Supplement, it ran 
continuously night and day at full load under paraffin 
oil, without attention or adjustment of any kind be- 
yond the usual filling up of the fuel tanks and the sup- 
ply of lubricating oil. None of the plugs was changed, 
and when the engine, which is of V type, with 4 cylin- 
ders and 2 cranks, giving 4 impulses per revolution, 
was dismantled at the end of the test, it is stated that 
no appreciable signs of wear weré visible and that the 
cylinders were practically free from deposit. In the 
design adopted by the company, the two-to-one gears 
with the camshafts, cams, tappets, and poppets found 
in the ordinary 4cycle engine, are eliminated and are 
replaced by a simple piston valve generally for each 
pair of cylinders worked by an eccentric on the main 
shaft. As a valve merely controls the distribution of 
the gaseous fuel to the pump cylinders it is not subject 
to a pressure exceeding a few pounds per sq. in. nor to 
the high temperatures of the working cylinders. The 
crank case is used only as a reservoir for lubricating 
oil, and not for handling the fuel mixture, so that the 
deposition of carbon and soot on the bearings is avoided, 
as also is the mixture of fuel oil with the lubricating 
oil—Jour. Ind. and Eng. Chem. 


—= 
4 


May 24, 1919 


= 


Saving Our Cattle 


Dressing beef carcasses under Government meat inspection 


Government Cattle and Meat Inspection Service 


Tue Bureau of Animal Industry of the U. S. Depart- 
ment of Agriculture carries on numerous lines of work 
designed to protect the health of the country by pre- 
venting diseases among our cattle and by inspecting 
their meats when killed for food. Our cover illustration 
shows an effective method for preventing diseases 
among the cattle by compelling them to dip themselves 
in a vat of disinfectant which kills the disease-carrying 
insects often infesting both domestic and imported 
eattle. To catch disease at its source, if possible, this 
bureau also maintains a system of inspection and 
quarantine of imported animals to prevent the intro- 
duction of diseases from other countries, and returns 
good for evil by carefully inspecting animals intended 
for export from our confines. 

The accompanying illustrations show government in- 
spectors at their work in the great beef-packing estab- 
lishments of the country. After under- 


without charge on application to the Bureau of Animal 
Husbandry, Department of Agriculture, Washington, 
D. C. 


Sea Lions and the Fishery Industries* 
By C. H. Townsend 

AN important report on The Sea Lion Question in 
British Columbia has recently been made by a com- 
mission appointed by the Biological Board of Canada. 
The commission was charged with an inquiry respect- 
ing the effect of the bounty offered by the Dominion 
Government, with a view to reducing the numbers of 
sea lions in British Columbia, where there are impor- 
tant salmon-canning and other fishery industries. 

The bounty was offered at the instigation of fisher- 
men, market men and cannery men, on the claim that 
sea lions were enormously destructive to food fishes. 

The work of the commission, or certain members of 


* From Zoological Society “Bulletin, New York. 


it, extended over several seasons. It included not 
merely inquiries relative to the bounty, but investiga- 
tions covering the breeding places, numbers, food 
habits and utility of sea lions, together with hearings 
of complaints based upon their alleged destructiveness. 

The commission, headed by Dr. Charles F. Newcombe 
of Victoria, performed its arduous field work with 
faithfulness. The conclusions and recommenda- 
tions of the report are free from considerations of 
expediency. 

The report covers the years 1915-16 and is an im- 
portant contribution to the ever-recurring subject of 
seals and sea lions in their relation to the commercial 
fisheries. 

These carnivorous animals abound along the coasts of 
many countries and have always been condemned by 
those who live by exploiting the fisheries. It is a 
remarkable fact that their food habits under natural 

conditions have not yet been studied to 


going the careful scrutiny of the general 
inspectors as shown in the large view at 
the top of this page, many pieces are 
held up for more careful inspection and 
sent to the “retaining room.” The work 
of this room is shown by the cuts oppo- 
site. Meat that finally passes inspection 
bears the Government stamp in purple 
ink. 

This bureau also studies the breeding 
and feeding of farm animals such as cat 
tle, horses, hogs, sheep, and goats, as 
well as poultry, and gives information to 
aid people in raising live stock and poul- 
try and in the production of eggs. It pro- 
motes the formation of clubs of boys and 
girls to raise pigs and chickens. It gives 
information about dairy farming, the care 
and improvement of dairy cattle, and the 
production and care of milk, butter, and 
cheese. It gives information and fur- 
nishes plans for the building of barns, 
silos, milk houses, ete. It also studies 
diseases of animals, and gives information 
and advice as to the nature of such dis- 
eases and how to prevent and treat them. 
It has undertaken systematically to erad- 
icate some of the diseases. Publications 


the extent necessary to the determination 
of their economic status. It is not many 
years since a vigorous attack against sea 
lions was made by fishing interests on the 
Pacific Coast of the United States. Many 
of them were killed before the extensive 
slaughter proposed by fishermen was 
checked. The rather limited investiga- 
tions which were made at the time by 
federal agents served to show that most 
of the charges made by fishermen could 
not be proved. But we are not yet in 
possession of such facts regarding the 
food habits of the sea lion, as have been 
brought out in the case of the fur seal, 
which has been studied intensively. Un 
til this has been done, the sea lion ques- 
tion cannot be determined on a basis of 
fact. 

The inquiries made in British Colum- 
bia have thrown light on the subject, but 
what constitutes the principal food of the 
sea lion remains to be discovered. What 
the animal may eat when it wanders into 
the vicinity of extensive fishing opera- 
tions, or what damage to fishing appara- 
tus might be attributed to it, cannot safely 
be made the excuse for wholesale exter- 


prepared by experts and giving informa- 
tion on these various subjects will be sent 


Carcasses that have been held up on first regular inspection are sent to the 
“retaining room” where they are carefully re-examined by special inspectors 


mination. 
It has been definitely ascertained that 
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the principal food of the fur seal is not fish. The same 
may be true with regard to the sea lion, but it will 
be more difficult to determine. The stomachs of large 
numbers of fur seals killed in the open ocean while 
feeding, were examined on the decks of sealing ves- 
sels and the results were conclusive. In the case of sea 
lions, eXaminations have been made of animals shot 
at their breeding places, where advanced digestion left 
few traces of food. 

From the reports at hand from British Columbia, it 
appears that the bounty of $2 was paid on 4,074 sea 
lions. It is stated that not more than 50 per cent. of 
those killed could be secured, and “at a conservative 
estimate there must have been 8,000 killed,” while the 
numbers killed elsewhere “would add materially to 
this number.” The number of sea lions in that region 
was estimated in 1913 by Dr. Newcombe, Chairman of 
the Commission, at 11,000. In the report for 1916, it 
is stated, “while in round numbers 10,000 fairly well 
represents those seen on the rocks at the rookeries, 
there is a large number besides these, possibly even as 
great a number or greater, scattered over a wide 
area along the whole coast.” The estimate of 10,000 
does not include the 8,000 believed to have been killed 
previously. 

The commission reports that there was little evidence 
of serious damage in 1916. “The sea lion is undoubt- 
edly to blame for some torn nets and mutilated fish, 
but that he alone is to blame is open to question. Nets 
are commonly torn at other fish centers where the men 
scarcely know what a sea lion looks like. Valuable 
observations were made on the stomach contents of 
sea lions killed. Since it has been shown 


larly in view of the possible friendly offices of the 
sea-lion that suggest further inquiry. aven in the 
case where it is considered necessary to diminish the 
number of sea-lions materially, the monetary value of 
the hide and carcass should be taken into consideration 
in any plan adopted.” 

Commercial fishermen in general not distin- 
guished themselves for broadmindedness. A fight to 
save the pelican has just been won in the Legislature 
of Florida, fishermen having introduced bills to per- 
mit the killing of pelicans, gulls and other birds which 
they describe as “terrifically destructive to food fishes.” 
A bill introduced in the New Jersey Legislature to per- 
mit the killing of gulls was barely defeated. 

The conservator of wild life has little chance to sit 
with folded hands. The tendency to destroy wild 
creatures not immediately serviceable to man‘ always 


have 


exists. 

We know little of the food habits of sea lions and 
less of salmon after they enter the sea. Perhaps the 
salmon has an enemy in some form of marine life which 
is held in check by the sea lion. Such relationships 
The Pacifie salmon and sea 


were 


are well known to science. 
lions have dwelt closely together for ages, and 
once infinitely more numerous, and it might not be well 
to divorce them. 

If by some magic the sea lions could be wiped out of 
existence, the commercial fish catchers would doubt- 
less be reckless enough to do it. They would be inca- 
pable of appreciating injuries that might result from 
disturbance of balance. Naturalists 
broader minded. 


are 


hitherto made little use of this large and abundant 
animal, can afford to destroy it for comparatively 
trivial reasons. While its numbers run into thousands, 
the figures count for litthke when compared with the 
millions that would have to be used in numbering the 
salmon. 

The world is now, as never before, considering its 
supplies of food and oil and leather. The sea lion con- 
stitutes one of the resources of the sea. It must not 
be destroyed its presence irritates salmon 
fishermen. Although formerly more numerous than at 
present, it produced no known effect on the stupen- 
dous runs of salmon that crowded the Pacific salmon 
rivers before wholesale and often unregulated commer- 
cial fishing decimated them. 


because 


Refractory Materials and the Glass Industry 
THE maximum temperature reached in the glass in- 
dustry is 1,400° C., except in certain tank furnaces 
which are worked at a higher temperature to secure 
high output. In addition to the corrosive effect of 
the molten glass on the pots or tanks, the bricks in 
the furnace have to withstand the action of mechanic- 
ally carried dust and of volatilised matter. Most of 
the refractory materials used in the glass industry are 
composed of fireclay or silica, or mixtures of these. 
When finely ground silica is added to finely ground 
alumina the melting point is steadily reduced from 
cone 42 to cone 29 (1,650° C.) for a mixture of 8 mols. 
SiO, to 1 mol. Al,O,, which is the same ratio as that 
in a very good and widely used brick. The anomaly is 
due to the material in the bricks being 


that fish not used for food as well as 
squid and devil fish are eaten, he cannot 
at all times be the epicure that some 
people would have us believe. Although 
he requires animal food, it is probable 
that he will take any kind available in 
quantity to satisfy his hunger. It is even 
possible that in helping to keep down 
other injurious species he does more good 
than harm to the fishing industry, pro- 
vided he can be kept away from the nets 
or other fishing gear. If the disappear- 
ance of the dogfish is in any sense due to 
the presence of the sea lion, the sooner 
the matter is investigated the better. No 
other species is so much a pest as dogfish.” 

In connection with the question as to 
the amount of food required by an adult 
sea lion, it might be well to mention that 
a California sea lion fourteen years old, 
which has lived in the New York Aqua- 
rium for eleven years and which weighed 
in 1917, 610 pounds, eats about sixteen 
pounds of fish a day. It would eat more, 
but this amount has been found sufficient 
to keep it in good condition. An eight- 
foot porpoise in captivity requires much 
heavier feeding. 


coarse-grained, so that the interaction be- 


tween the silica and alumina is not so 
complete as in finely ground material. 


In mixtures of equal weights of fine fire- 
clay and silica fragments of different se- 
lected sizes, heated under laboratory con- 
ditions, the silica did not begin to act as 
a flux unless the fragments were less than 
0.0025 in. diameter, Larger fragments act 
as a stiffening agent and increase refrac- 
toriness, but when exposed for a week 
in a works furnace at 1,500° C. all the 
silica fragments less than 0.025 in. diam- 
eter exercised a definite fluxing effect. 
On substituting pitch for fireclay (so as 
to eliminate the solvent action of the fire- 
clay on the coarse silica), it was found 
that the addition of silica always had a 
stiffening action, the most marked effect 
being with fine material which had passed 
through a 100-mesh Hence, the 
greater stiffening effect of the coarse frag- 
ments in silica-fireclay mixtures is due to 
their greater resistance to solvent action 
by the fireclay. There is an upper limit 
to the size of silica fragments which is 
permissible in bricks which depends upon 
the mechanical strength of the fragments 


sieve. 


Careful consideration is given to the 
commercial uses to which sea lion car- 
casses might be put. The weight of a 
twelve-foot sea lion was ascertained to be 2,240 pounds. 
The skin and fat are of recognized value, and the 
meat might also be made use of. There would cer- 
tainly be fewer objections to the killing of sea lions 
if the carcasses were utilized. “It will be seen that 
in paying a bounty of $2 for each muzzle of a slain 
sea lion, and disregarding the hide and carcass, there 
is lost an opportunity to encourage the prevention 
of fishing depredations and at the same time, by means 
of a business organization centered in the government 
officials, make the sea lion, through its hide and carcass, 
pay the bounty and more.” 

Here we seem to be arriving at a possible solution 
of the problem. If the latent resources in the herds 
of sea lions which appear to some undetermined ex- 
tent to be injurious to the salmon fishery, can be de- 
veloped, the whole situation will change rapidly. When 
the sea lion itself becomes the basis of a fishery, in 
which the leather, oil and guano trades are interested, 
its conservation will be considered for commercial 
At present seal oil and leather are derived 
chiefly from the hair seals of the North Atlantic re- 
The sea lion of the North Pacific is available 
for legitimate exploitation. 

‘While the commissioners recommend that sea lions 
should be driven away or greatly reduced in numbers 
where it is evident that they are doing appreciable 
damage, they are not satisfied that there is any neces- 
sity for decreasing the numbers at other rookeries, 
except after some organized plan by which the pups 
could be free from injury, as in the case mentioned off 
the Oregon coast, in order that the industrial value of 
the sea-lions should be conserved, and more particu- 


reasons, 


Special inspection room. The traveling table passes through a disinfecting 


tank as it is pushed along from time to time 


The investigations made in British Columbia show 
that the hilling of sea lions prior to 1916 on fhe 
rookeries adjacent to the Rivers Inlet region, served to 
keep them away that year. The manager of the can- 
neries located there admitted that it was not necessary 
to kill sea lions, but that it would suflice merely to 
drive them away from that neighborhood. The com- 
mission very properly declines to favor any plan looking 
toward extermination, it having been shown that sea 
lions can be frightened away from localities where they 
do some damage. This they suggest could best be ac- 
complished through the Federal Department of Fish- 
eries, and add that “Indiscriminate and promiscuous 
killing should not be tolerated.” 

The species under consideration is Steller’s sea lion 
(Rumetopias stelleri), which is found from California 
to Bering Sea and the Asiatic Coast. It is the largest 
of all sea lions. The writer killed a specimen on the 
Alaska Peninsula nearly thirteen feet in length. 

It probably attains a weight of more than 1,400 
pounds. Although as yet of little commercial interest, it 
has always been of great importance to the Aleutian 
Islanders, who make use of its skin, oil and flesh. The 
huge skin is the covering of their boats, the intestines 
split and sewed together are made into excellent rain- 
proof garments, while the used for the 
storage of oil. On the Pribilof and the Commander 
Islands the supply of sea lions is carefully conserved, 
their skins being used in the construction of the great 
lighters or “bidarrahs” used in the loading and unload- 
ing of ships. A photograph of this efficient native 
craft is presented in this bulletin. 

We cannot believe that the civilized world, having 
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and the local expansion of the silica. The 
proportion of clay which can be used in a 
mixture is limited by its shrinkage 
when the bricks are in use. [Excessive shrinkage causes 
wide cracks into which liquids and vapors may pene- 
trate and cause corrosion. Excessive expansion causes 
distortion and “crushing.” If an alkaline vapor at- 
tacks a clay surface in such a manner as to form a 
molten silicate immediately, the latter soon closes the 
pores and the subsequent fluxing action is low. If the 
attack occurs at a lower temperature than that at 
which much fusion can occur, the vapor penetrates the 
brick or block and a complicated action of a destruc- 
tive character may occur (see this J., 1910, 69, 250, 335, 
399, 608, 799, 1091). If the temperature is afterwards 
increased the vitrified mass produced is liable to disin- 
tegrate.__ Jour. Soc. Chem. Ind. 


Iron as a Source of Color in Optical Glass 

AN optical glass melted in an electric furnace was 
free from color while the same batch when melted in 
a gas-fired furnace was distinctly green. The Golor 
was traced to the presence of iron in the gases consti- 
tuting the furnace atmosphere. A sample of glass With- 
drawn previous to stirring was much less colored than 
the finished glass. After replacing the iron gas-burners 
by others made from clay and coating the interior walls 
of the furnace with kaolin, a distinct reduction in the 
color of the glass was obtained. The kaolin on the 
walls gradually acquired a red color due to absorp- 
tion of iron either from the bricks or from the furnace 
atmosphere. It is desirable to use iron-free bricks for 
lining the furnaces, and any metallic iron used in the 
interior of the furnace should be water-cooled to pre- 
vent volatilisation of the metal—Jour. Soc. Chem. Ind, 
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The Present Status of Nitrogen Fixation’ 


The Several Processes Contrasted on the Basis of Their Showing to Date 
By Lieut.-Col. Alfred H. White, Ordnance Dept., U. S. Army 


Fixep nitrogen in some form is an essential constitu- 
ent of the food of all the higher animal and vegetable 
organisms. Fixed nitrogen in the form of potassium 
and sodium nitrates has been of prime importance in 
warfare since gunpowder came into general use. The 
ammonia resulting from the destructive distillation of 
coal has been recovered and used in the chemical in- 
dustry for more than a century Free nitrogen forms 
nearly eighty per cent. of the air we breathe, but in the 
free form it can be utilized neither by the bodily 
mechanism nor in explosives or fertilizers. The chemist 
has known for many years how to convert this inert 
gas into other compounds in his laboratory, but it is 
only within the last twenty years that the fixation of 
nitrogen has been recognized as an industrial as well 
as a scientific problem, and only within the last five 
years that its importance has become generally recog 
nized. 

Sir William Crookes, in 1898, called attention to the 
diminishing supply of Chilean nitrate, and the need 
of replacing it with a synthetic product if the world 
was not to be confronted with possible starvation as 
But al- 
though this stimulated interest and may almost serve 


a result of shortage of nitrogen fertilizers 


as a date for the commencement of industrial research 
on nitrogen fixation, it was ultimately war and not 
peace which caused the rapid development of the pro- 
eesses for fixation of atmospheric nitrogen, One of the 
proofs of Germany's cold-blooded calculation is found 
in the subsidized development of the nitrogen fixation 
industry The sodium nitrate vitally necessary for 
explosives was found only in Chile, and its supply 
would almost certainly be cut off in a war with a first- 
class naval power. The German government did not 
declare war until it had the Haber, Ostwald, and 
cyanamide processes developed to the point where it 
knew it could become independent of Chilean supplies. 


SUMMARY OF FIXATION PROCESSES 


It is the first step in nitrogen fixation which is the 
most difficult. The nitrogen molecule as it exists in 
the air is very inert and becomes active only at high 
temperatures or in the presence of some activating 
substance. The processes may be classified as follows: 

[I—The are process for the direct combination of the 
nitrogen and oxygen « 


f the air to form nitric oxide 
which subsequently by oxidation with air and combina- 
tion with water forms nitrie acid of approximately 35 
per cent. concentration, There are required about 10.5 
h.p.-years electrical energy per ton of nitrogen fixed as 
nitric acid per annum. 

[I—The cyanamide process, involving: 

(1) The production of calcium carbide through re- 
action between lime and coke in an electric furnace. 

(2) The interaction of calcium carbide and pure ni- 
trogen at a red heat to form calcium cyanamide. 

(3) The decomposition of cyanamide by steam under 
pressure, to form ammonia. 

(4) The oxidation of ammonia with air and combina- 
tion with water to form dilute nitric acid of approxi 
mately 50 per cent. concentration. 

The power required by this process is approximately 
2.5 h.p.-years per ton of nitrogen converted to nitric 
acid per annum. 

I1I—-Nitride processes, The best developed of these 
processes is that for making aluminum nitride from 
aluminum oxide, coke, and nitrogen heated to a tem- 
perature of perhaps 1800° C. in an electric furnace. 
This process has not been developed far enough to show 
its ultimate power requirements, but it is approxi- 
mately in the same class as the cyanamide process, The 
aluminum nitride, after formation, may be decom- 
posed with steam or dilute caustic solutions yielding 
ammonia and regenerating the alumina. 

IV—tThe direct synthetic ammonia process, usually 
called the Haber process, wherein pure nitrogen and hy- 
drogen are made to combine in the presence of a cata- 
lyst, at temperatures which in commercial work have 
usually approximated 500° to 600° C. and under a pres- 
sure of 100 atmospheres or higher. The ammonia made 
by this process is then oxidized with air and converted 
to nitric acid. Electrical energy is not necessary for 
this process and the total power requirements are only 
about 0.5 h.p.-year per ton of nitrogen fixed as nitric 
acid per annum. 

*Address delivered at the Chicago meeting of the Am. 
Inst. of Chem, Engs. Reprinted with elimination of that 
part pertaining to war-time engineering measures adopted by 
the U. 8. Government, from Jour. Ind. € Eng. Chem., where 
it appeared by permission of the Chief of Ordnance. 


V—The cyanide process, wherein a mixture of sodium 
carbonate and coke with iron in small quantities is 
heated in a stream of pure nitrogen to a temperature 
of approximately 1000° C., resulting in the formation 
of sodium cyanide. This furnace product may be de- 
composed with steam, yielding ammonia. Power re- 
quirements for this process are of the same order as 
for the Haber process, 

It will be seen that all of the above processes, ex- 
cept the are process, yield ammonia as their initial 
product. The are process requires the greatest expen- 
diture of electrical power, the cyanide and nitride pro- 
cesses rank next, and the direct synthetic ammonia and 
the cyanide processes require only small amounts of 
power. In fact, these two latter processes do not neces- 
sarily require any electrical power, it being possible to 
carry out all the heating reactions without the use of 
electrical energy, although electrical heating may in 
some cases be more economical. If nitric acid is de- 
sired, the ammonia produced by these processes may be 
oxidized to nitric oxide by air in the presence of a 
catalyst, usually platinum, working at 750° to 850° C, 
The nitric oxide resulting is oxidized by cooling, mixing 
with more air if necessary, and passing through towers, 
down whch water or dilute nitric acid trickles. The re- 
sulting product is about 50 per cent. nitric acid. This 
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oxidation process requires very little external energy. 
It may be considered that the principal problem is to 
get atmospheric nitrogen into a combined form, and 
that the problem of converting the initial form of com- 
bined nitrogen into the final form is distinctly simpler 
and better elaborated. 


THE WORLD'S SUPPLY OF FIXED NITROGEN. 

The world can use almost any form of combined ni- 
trogen, either directly or after conversion into a more 
desired form, so that the clearest way to obtain a view 
of the world’s nitrogen supply is to reduce the figures 
for the various nitrogenous materials to a common 
basis of fixed nitrogen. The nitrogen in manure and 
other organic refuse, while important for agriculture, 
cannot be estimated with any accuracy. Our diagram 
shows the world’s production of fixed inorganic nitro- 
gen expressed in short tons of nitrogen for the years 
1909, 1913 and 1917. No great accuracy can be claimed 
for these figures since some of them are mere estimates. 
It is believed, however, that the general situation is 
expressed correctly. The first outstanding impression 
is that of great growth in each period, but on closer 
analysis the striking fact is that the percentage increase 
from 1909 to 1913, when the world was at peace, is 
nearly as great as during the subsequent period when 
the world was at war. The increase is very closely fifty 
per cent. for each four-year period. The year 1913 
shows an increase in production from every source. 
The year 1917 shows no increase from Chilean nitrate, 
in spite of the urgent demands of the Allies for greater 
supply. This was partly due to lack of ships. The 


greatest increase on the chart for the period 1909-18 
is shown by the by-product coke ovens. In 1917 the 
increase was mainly due to the cyanamide and Haber 
processes, so that in this year the world’s supply came 
almost equally from the three sources, Chilean nitrate, 
coke ovens, and synthetic, the cyanamide process being 
the most important in the latter group, with the Haber 
second. 

In an attempt to distribute the world’s production 
of fixed nitrogen by countries and processes only ap- 
proximate accuracy can be attained, but certain im- 
portant factors stand out clearly. In 1909 and 1913 
Germany received nearly one-third of all Chile’s ni- 
trate. After the war broke out, she received none. If 
the war had continued, it is probable that the year 
1918 would have seen the Chilean output increased 
nearly 25 per cent. over 1917. This probably represents 
nearly the maximum output, and it is believed that 
500,000 tons of nitrogen as nitrate may be fairly taken 
as the most that can be expected from Chile. 

The figures for ammonia from by-product coke ovens 
show a steady increase for every country, so that the 
coke ovens became the largest factor in the world’s ni- 
trogen production in 1917. There is every probability 
that a further increase was registered in 1918. Ovens 
still under construction, especially in the United States, 
will afford facilities for further material increase in 
1919. In the periods studied, Germany shows the 
largest absolute as well as the largest relative increase 
in production from coke ovens. 

The cyanamide industry more than tripled in each 
period, and rose in 1917 to a production of more than 
half of the euivalent in Chilean nitrate. Facilities pro- 
vided since 1917 make a further increase of twenty- 
five per cent. possible. 

The are process shows a growth, but in spite of the 
stimulus of high prices, it has not attained prominence 
and remains centralized in Norway and Sweden, where 
water power is cheap. 

The phenomenal growth of the Haber process is con- 
fined to Germany. The 8,000 tons production in 1913 
represented success on a manufacturing scale and gave 
the German Government assurance that it could go to 
war, confident that neither foreign navies nor expensive 
electrical power could keep her armies from an ade- 
quate supply of the material most necessary for ex- 
plosives. 


RELATIVE TECHNICAL DEVELOPMENT OF FIXATION PROCESSES. 


The two processes first commercially established 
were the arc process and the cyanamide process. Both 
have had a commercial development of approximately 
thirteen years in the hands of skilled chemists, chemical 
engineers, and electrical engineers in countries with 
high industrial development. There has, moreover, been 
mutual exchange of information between various groups 
of plants, both national and international, and the in- 
dustry has become relatively stabilized along lines 
which represent the most advantageous process which 
the combined experts of the various affiliated companies 
have devised. Improvements will still undoubtedly be 
made, but the processes are relatively highly developed. 

Experts in the are process state that a commercial 
proposition to be attractive must have continuous elec- 
trical power in large units at not more than $12.00 
per horse-power-year. Others state that power must 
be as low as $8.00 per horse-power-year. It gives as its 
sole primary product dilute nitric acid, or an alkaline 
nitrate or nitrite. There are attractive theoretical 
possibilities for increasing the efficiency of the are pro- 
cess, but none have so far as we are aware, been de- 
veloped far enough to hold out the hope that the are 
process can ever be successfully operated except where 
large blocks of cheap electrical power are available. 
Even the stress of war conditions has failed to bring 
about the establishment of really large plants anywhere 
but in Norway and Sweden, and the total output by this 
process only amounts to about three per cent. of the 
world’s total. 

The cyanamide process has been studied since 1898 
and has grown until in 1917 it furnished approximately 
one-sixth of the world’s total fixed nitrogen. It requires 
large amounts of electrical power, but only one-fourth 
as much as the are process. It also requires as raw ma- 
terials large amounts of pure limestone and coke. It 
yields calcium carbide as an intermediate and cyana- 
mide as its primary product, with ammonia, nitric acid, 
or ammonum nitrate as subsequent products obtained 
by relatively efficient processes. It stands as an ex- 
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ample of a highly developed chemical industry depen- 
dent for commercial success upon relatively cheap elec- 
tricul power in large units. The war has seen one va- 
riant of this process receive an extensive test in this 
country on a semi-industrial scale, with such favorable 
results that a commercial plant is now being erected. 

While many metals yield nitride when heated fn 
nitrogen, the manufacture of aluminum nitride has re- 
ceived most attention because of the possible impor- 
tance of the alumina obtained as a by-product, for the 
aluminum industry. It requires large amounts of 
electrical power and a rather specific raw material, 
bauxite. The commercial developments of the past 
have not been successful, and although more is hoped 
from the two large semi-commercial installations now 
being tested in this country, it must still be regarded as 
a rather unproven process. 

‘The cyanide process does not require electrical power 
and uses as its raw materials sodium carbonate, coke, 
iron, and pure nitrogen. Of the raw materials the iron 
is always recoverable and if the cyanide is converted 
into ammonia under proper conditions, the sodium car- 
bonate is also recoverable, leaving as the only raw ma- 
terials actually expended nitrogen and coke in the cya- 
nizing reaction, and steam in the ammonia reaction, to- 
gether with the coal required to furnish the heat. The 
initial product is cyanide which may be purified and 
marketed as such or converted into ammonia with a 
possibility of sodium formate as a by-product. The de- 
velopment has been largely in the United States and 
since the war broke out. The commercial possibilities 
of this process have not yet been established. The 
present developments have tended toward an externally 
heated steel or nichrome retort as the most suitable 
container for the cyanizing reaction which requires a 
temperature of 1,000° to 1,100° C. The retort is neces- 
sarily small and the reaction is rather slow. The pro- 
cess attracted the Government during the war because 
if was certain nitrogen could be fixed without the use 
of large amounts of electrical energy, which were then 
almost unobtainable. At present the process involves 
high capital, labor, and repair costs. The process must 
not, however, be condemned in its present immature 
form. 

The direct synthesis of ammonia from nitrogen and 
hydrogen was first developed both from the theoretical 
and practical side in Germany, and the name most fre- 
quently associated with it is that of Haber. The combi- 
nation of nitrogen and hydrogen according to the re- 
action 

+Nz 2NH, 
is favored by high pressure and relatively low tem- 
perature. Some of the equilibrium values are given in 
the following table: 


Per cent NH, in equilibrium 


Temp. at pressures (in atmospheres) of 
°C. 1 30 100 200 
TOO 2.18 31.8 52.1 62.8 
5OO 0.129 3.62 10.4 17.6 
300 O.0228 0.66 2.14 4.11 


The rate of reaction between the gases is altogether 
too slow to be commercial unless accelerated by a 
catalyst. Our knowledge of catalysis is still very vague, 
and catalysts are discovered only by tedious experi- 
ments largely empiric in their nature. Furthermore, 
they are extraordinarily susceptible to poisons. 

While therefore the reaction between nitrogen and 
hydrogen is extremely simple to write, it is extremely 
difficult to carry out economically. The successful so- 
lution of the problem involves many problems but they 
may be divided into four groups: preparation of pure 
nitrogen, preparation of pure hydrogen, preparation of 
catalyst, and construction of plant. 

It is unfortunate that the term “fixation of nitrogen” 
fixes attention so strongly on nitrogen that the lay 
mind gains the impression that one of the chief diffi- 
culties to be overcome is the preparation of the nitro- 
gen. The are process starts with air but all the other 
processes require or at least work distinctly better if 
supplied with nitrogen substantially dry and free from 
oxygen, carbon dioxide, and carbon monoxide. Argon, 
helium and other rare gases of the atmosphere inter- 
fere only as they dilute the nitrogen slightly. The 
supply of pure nitrogen is important, but fortunately 
the liquid air precess furnishes it so cheaply and re- 
liably that the problem may be considered as solved. 
A nitrogen column as delivered to the United States 
nitrate plants has an hourly capacity of 20,000 cubic 
feet of dry nitrogen, with less than 0.1 per cent. oxygen 
for an expenditure of 180 horse-power-hours. Power 
is by far the most expensive item, for air is free, only 
a small amount of caustic is needed for purification of 
the entering air, and the labor charge is small. The 
operation is so reliable and the cost so small that ef- 
forts to recover waste nitrogen from industrial sources 


are hardly worth while where a really large installa- 
tion is being considered. 

Pure hydrogen is needed only for the direct synthetic 
ammonia process. It forms 17.6 per cent. of the theo- 
retical gas mixture by weight, but 75 per cent. by 
volume. Hydrogen is formed as a by-product in the 
electrolytic manufacture of chlorine, but the expense 
of collecting it and purifying it is considerable. Hydro- 
gen and oxygen are obtained by electrolysis of caustic 
solutions, but it is difficult to find a location where both 
gases can be used to advantage. It is also made by the 
action of steam on red-hot iron and by the water-gas 
reaction wherein steam reacting with coke produces ap- 
proximately equal volumes of carbon monoxide and hy- 
drogen. By further reaction with steam in the pres- 
ence of a catalyst, as shown by the following equation, 

co + HO CO: + H,, 
most of the carbon monoxide may be removed with the 
formation of an equal volume of hydrogen, but a long 
and elaborate purification process must be followed to 
bring the gas to a pure and dry state. The refinement 
of purity necessary will vary with the different cata- 
lysts, but the impurities must certainly be measured 
only in hundredths of a per cent., if not thousandths. 
Further research work on the purification of hydrogen 
is desirable. 
FUTURE OF NITROGEN FIXATION PROCCESSES. 

The future of the nitrogen fixation industry can be 
forecast only in the most general manner. It depends 
upon two factors, the demand for fixed nitrogen and its 
price. These two factors are in part independent and 
in part linked together, for a lowered price is certain 
to cause a greater demand. The principal demand of 
the last few years has been for munitions, and the de- 
mand was an insistent one which had to be met re- 
gardless of price. The great normal demand for fer- 
tilizers has been restricted to a minimum. The largest 
demand for fixed nitrogen in the future will probably 
be for fertilizers, and the use of fertilizers will be very 
largely a matter of price. The diagram shows an in- 
crease of roughly fifty per cent. in output for fixed ni- 
trogen for each four-year period. It is not probable 
that 1921 will show such a proportionate increase 
although if all the resources of Chile and all of the 
facilities in the way of coke ovens now under construc- 
tion, and fixation plants should be utilized, the year 
1920 might well see a possible production of 25 per cent. 
more than 1917. What will be the cost of production? 
The cheapest source of fixed inorganic nitrogen will un- 
doubtedly be the ammonia from by-product coke ovens 
because it is a by-product and the cost of collecting and 
putting it into marketable form is small. The coke 
ovens of the world can now produce more fixed nitrogen 
than the world used from all sources ten years ago. 
It will be a powerful factor tending towards low prices. 
It is probable that Chilean nitrate could, if necessary, 
be sold at lower prices than in former years. The fixa- 
tion processes will therefore have to be prepared to 
meet possible low prices if they are to be ranked as 
anything more than emergency reliances. 

The cost of nitrogen in the staple raw materials, 
sodium nitrate and ammonium sulfate varied from $12 
to $16 per hundred pounds in the years 1900-1915. It is 
manifest that a process which is to produce a large 
proportion of the world’s fixed nitrogen must be able 
to compete with these staple materials. Smaller fac- 
tories may produce specialized products such as sodium 
nitrite and anhydrous ammonia for which there is a 
demand, large in itself, but small in proportion to the 
world’s total demand. 

The necessity and the possibility of independence of 
Chilean nitrate as a material for munitions has been 
proved in the past four years. The question as to 
whether the fixation processes can compete with Chilean 
nitrate and coke oven ammonia in times of peace, and 
for the cheapest commercial nitrogenous product—fer- 
tilizer—cannot yet be answered. 

The cyanamide and are processes both labor under 
the handicap of the requirement of lafge amounts of 
electrical power. The nitride process has a somewhat 
similar handicap but possesses a possible advantage in 
the recovery of alumina as a by-product. The cyanide 
process labors at present under the disadvantage of 
small manufacturing units but has the advantage of 
low-power requirements and the possible recovery of 
formates as by-products. The direct synthetic ammonia 
process presents great engineering and chemical difficul- 
ties, but has great possibilities of future development. 
As will be seen from the table earlier in this paper, 
if an inventor could find a catalyst active at 300° C., 
he would have the theoretical possibility of increasing 
the conversion by one passage through the apparatus 
at 100 atmospheres pressure to fivefold the conversion 
at 500° C. Or with such a catalyst, he could work at 
30 atmospheres pressure and 300° temperature, elimi- 
nating thereby many of the serious engineering difficul- 


ties and still obtaining a conversion far better than 
anything now commercially known to us. There is no 
theoretical reason why such a catalyst might not be 
made, and its discovery would offer the possibility of 
cheaper fixed nitrogen than anything heretofore known. 


The Anthropology of Poland 

THE nationalities of Europe have been much under 
discussion during the last four years; indeed, apart 
from the progress of the actual military operations, 
probably no other subject has been so prominently be- 
fore the public. Yet a surprisingly small proportion 
of what has been written has been valuable or even 
accurate. A serious knowledge of European ethno- 
graphy is still confined to a very narrow circle, and the 
ordinary journalist habitually makes the most gro- 
tesque errors. This is the more to be regretted because 
the subject, though much more complex than the aver- 
age Englishman supposed before the war (he must 
now be utterly bewildered by the torrent of unfamiliar 
names), is not so difficult than an outline of the facts 
could not be made comprehensible in quite a brief ex- 
plication. The chief complexities relate, of course, to 
Eastern and East-Central Europe. A most important 
and valuable contribution to this part of the subject 
has been published in the Journal of the Royal Statis- 
tical Society, vol. 1xxxi. pt. 2, March, 1918, in the shape 
of a paper by Geoffrey Drage entitled “Pre-war Sta- 
tistics of Poland and Lithuania.” The article (which 
is nearly 100 pages in length) is partly of sociological 
and partly of ethnographical interest; but it is, of 
course, only the latter aspect with which we are here 
concerned. It appears that the total Polish population 
of the world is about 26,000,000, of whom 23,000,000 
still live in Europe, nearly all (except half a million 
who have migrated to Western Germany) dwelling of 
course in the sundered territories of historic Poland. 
It is important to note, however, that the Poles consti- 
tute less than 40 per cent. of the population of historic 
Poland. The Poles in their day were an imperial race, 
and they imposed their rule upon millions of Russians. 
Thus certain provinces of historic Poland became part 
of Russia proper, not merely of “Russian Poland,” and 
Russian they ought to remain. Minsk and Volhynia 
have only 10 per cent. of Poles, Mooghileff and Kieff 
have but 3 per cent. On the other hand, in the so- 
called Kingdom of Poland 75 per cent. of the population 
are Polish. The Poles are in a very large majority in 
Western Galicia. In Prussian Poland the Poles are a 
majority in Posen and Silesia, but not in the province 
of West Prussia. The paper also gives interesting and 
important data relating to the Lithuanians, Letts, White 
Russians, Ukrainians, and Jews. Mr. Drage says that 
the total Hebrew population of the world is slightly 
under 12,000,000, almost exactly half this number be- 
ing Polish Jews. The Jews constitute about 15 per 
cent. of the population of the so-called Kingdom of 
Poland, and 10 per cent. of that of Galicia. Several 
maps are appended to the paper showing the distribu- 
tion of the Poles.—Science Progress. 


Rapid Estimation of Lead in Brass and Alloys 

Rapw gravimetric and volumetric methods for the 
estimation of lead in brass and similar alloys are 
desiribed by G. H. Hodgson, in Chemical News. Gravt- 
metric method. Five grams of the alloy is dissolved in 
25 cc. of nitric acid (sp. gr. 1.4), the solution is di- 
luted with 200 c.c. of water, and sufficient ammonia 
solution (20 c.c. of sp. gr. 0.880) added to precipitate 
all the copper. Sufficient 80% acetic acid is then added 
to produce a clear, slightly acid solution, which is 
treated with 10 c.c. of 3% potassium bichromate, shaken 
and allowed to stand for an hour. The precipitated 
lead chromate is collected on a paper pulp pad, washed 
to remove the copper, and treated on the filter with hot 
30% sulphuric acid until entirely converted into sul- 
phate. The sulphate is washed with water and dis- 
solved by pouring about 40 c.c. of hot ammonium ace- 
tate solution containing acetic acid through the filter. 
The solution is raised to the boiling point, and treated 
with ammonium molybdate. The precipitate is col- 
lected on an ashless paper pad, washed with water con- 
taining a little ammonium acetate, ignited, and weighed 
as lead molybdate. The whole process may be com- 
pleted in four hours. Volumetric process. The lead is 
precipitated as chromate as described above, the chro- 
mate precipitate is washed with water and warm di- 
lute acetic acid (5%) until free from copper and ex- 
cess potassium chromate, then dissolved by pouring 
cold hydrochloric acid (1 : 4) on the filter, and the 
pad is finally washed with water to collect all the 
chromic acid. The free chromic acid may then be esti- 
mated by titration with standard ferrous ammonium 
sulphate or by adding potassium iodide solution and 
titration of the liberated iodine by standard sodium 
thiosulphate solution.—Jour. Soc. Chem. Ind. 


a 
as 
ens 
the 
ni- 
lity 
ens 
tes, 
in 
the 
ase 
ach 
lan 
TO- 
ity- 
the : 
nce 
ere i 
on- ‘ 
13 
ive 
to 
ive 
de- 
ES. 
ed 
ith 
‘ly 
‘al 
th 
en 
ps 
n- 
es 
ch 
es 
be 
d. 
al 
st : 
ts : 
1e 
ul 
e 
g 
e 
s 
e 


332 SCIENTIFIC AMERICAN SUPPLEMENT No. 2264 


May 24, 1919 


The Metallurgy of Copper 


A Few of the Fundamentals Connected With Its Production and Use 


Tue outstanding characteristics of the remarkable 
metal copper are the ease with which it can be wrought 
and its resistance to decay. Copper and bronze articles 
have been found which have resisted decay and corro- 
sion for thousands of years. It was, however, its deep 
rich red color, and the great variety of colored tinishes 
which it can be made to assume, that caused it to be 
se generally used through all the ages. 

At the present day approximately 80 per cent of the 
world's supply of copper is produced in the United 
States and Mexico, amounting to over 1,000,000 tons 
last year. Most of this copper is mined in two princi- 
pal distriets; these are the Great Lakes district where 
all of the so-called “Lake Copper” is produced, and the 
copper district of Montana, Idaho and Utah. 

The western ores are smelted at the mines, the fin- 
ished product of the smelters being “blister topper” 
which is an impure metal containing about 96 per cent. 
copper, small quantities of gold, silver, tellurium, arse- 
nic, antimony and iron. This blister copper is poured 
into iron moulds to form anodes, which are usually of 
Blister cop 
per anodes are the tinal product of the 


the form shown in Fig. 1. 


smelter and the raw material of the elec 
trolytie retineries. With the exception of 
one at Great Falls, Mont., all the large 
electrolytic retineries are located on the 
Atlantic coast, particularly near New 
York. Blister copper is shipped east, 
usually in the form of anodes, to these re- 
fineries and there electrolytically retined 


By Thomas H. A. Eastdick 


red copper oxide, Cu,O. This red oxide of copper is sol- 
uble in molten copper and forms with it a definite alloy 
series, and small quantities of it present in the copper 
affect the physical properties to a very great extent. 
For many purposes absolutely pure copper containing 
no cuprous oxide is unsuitable, while on the other 
hand, an excess of cuprous oxide is equally undesira- 
ble. In order for the metal to have its maximum 
toughness it must contain a definite quantity of this 
cuprous oxide, and for this reason that “pitch” in 
copper at which point it has maximum toughness is 
known as “tough-pitch” copper. 

The pitch is really the crown or the absence of it on 
top of the copper after solidifying. Fig. 2 shows the 
three principal stages of copper with respect to its oxy- 
gen content as shown by the top of the ingot or cake, 
ete. Fig. 2-A shows the appearance of an ingot when 
the copper contains an excess of oxygen in the form of 
cuprous oxide. It will be noticed that the ingot has 
shrunk considerably, forming a deep depression in the 
top of the ingot. Fig. 2-B shows the appearance of an 
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and cast into ingots, wire-bars, cakes, etc. <- 

The process of electrolytically refining 
copper consists of transferring the copper 
from the blister copper anode to a pure 
thin-sheet copper cathode in an electrolyte 
consisting of a dilute solution of copper 
sulphate and sulphuric acid, by means of a suitable 
electric current. This operation is carried out in large 
wooden tanks, about 16 feet long and 5 feet wide and 
deep, lined with asphalted felt. The anodes and ca- 
thodes are suspended on conducting rods running length- 
wise on the tanks and the current is caused to pass 
from the anodes to the cathodes through the solution. 
The voltage required depends, of course, on the resist 
ance offered by the solution and the copper electrodes, 
and the amperage is usually about 15 amperes per 
square foot of anode surface. One ampere will deposit 
approximately 1 ounce of copper per 24 hours. 

A most important feature of the process of electro- 
lytic refining of copper is the recovery of gold and 
silver. Providing conditions are right practically noth- 
ing is deposited on the cathode but copper, and the 
impurities in the blister copper anode either pass into 
solution or form a sludge which settles to the bottom 
of the tank. This sludge contains all the gold and 
silver present in the blister copper, along with the an- 
timony, iron and tellurium, ete. The sludge amounts 
to approximately 3 per cent. of the total weight of the 
anodes refined and when dried and screened contains 
as high as 40 per cent. silver and 1 per cent. gold. 

The cathodes, consisting now of pure copper, analyz- 
ing 99.95 per cent. copper, are charged into a rever- 
beratory furnace of from 25 to 50 tons capacity, and 
melted, rabbled and “poled.” This poling operation is 
very important and is really a de-oxidizing reaction, 
Copper forms two oxides, black copper oxide, CuO,, and 


ee 


Figs. 1 (left) and 2. The former shows the typical form of copper 
anode which goes to the refinery; the three drawings under Fig. 2 
show characteristically under-poled, tough-pitch and over-poled 
copper ingots, respectively. 
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ingot which contains just the right amount of cuprous 
oxide and in which the copper is at its maximum condi- 
tion of toughness. Such a copper is known as “tough- 
pitch.” Fig. 2-C shows the appearance of an ingot in 
which the copper contains no oxygen in the form of 
cuprous oxide. It will be noticed that the copper has 
apparently swelled on solidifying, thus raising a lump 
in the center of the ingot. Close examination of this 
lump reveals the fact that it is honeycombed with 
fine gas holes and looks somewhat like a miniature 
sponge. 

The de-oxidizing process as carried out in the refin- 
ing furnaces, and which is known as the poling opera- 
tion, is so called because it is carried out by stirring 
the molten copper with long poles of green wood. The 
copper when melted contains a fairly high percentage of 
cuprous oxide, and upon the introduction of the wood 
this cuprous oxide is reduced to metallic copper, with 
the liberation of the oxygen in the form of steam and 
carbon dioxide. When the pole is introduced into the 
copper violent decomposition occurs with the evolution 
of large quantities of gases of a reducing nature. The 
reduction of the cuprous oxide proceeds until no oxide 
is left in the copper and the metal starts dissolving the 
gases given off by the decomposition of the wood. This 
explains the peculiarities which we find in the ingot in 
the case of Fig. 2-C, which represents an ingot of over- 
poled copper; the metal has dissolved a considerable 
quantity of hydrogen given off by the wood, and upon 
freezing has liberated this gas, which has risen to the 


top of the ingot, thus raising a lump honeycombed with 
gas holes. Fig. 2-A represents an ingot of “under-poled” 
copper which contains an excess of the oxide which 
causes the metal to shrink excessively, thus forming 
depression. 

The Lake copper mentioned above occurs as nativy« 
copper in the region of the Great Lakes, and very litt! 
treatment is necessary to recover the metal. The 
gangue associated with it is separated by crushing and 
jigging. The metallic copper is simply furnace refined, 
poled and poured into ingots in the same manner as 
cathode copper. Native copper sometimes occurs in 
the Lake region in quite large masses, occasionally te: 
to fifteen tons in weight of absolutely pure copper with 
out any rock or gangue. 

Originally practically all of the copper in this country 
came from the Lake region and, inasmuch as it was a 
very pure grade, was always looked upon as being the 
very best copper obtainable. This prejudice in favor of 
Lake copper was in existence long after the introduc 
tion of electrolytic copper, and in some quarters it ex- 
ists today; in fact, prior to the outbreak 
of the war Lake copper commanded 4a 
higher price than electrolytic, although 
it is not as pure as electrolytic and has a 
much lower electrical conductivity. It is 
common to find many copper consumers 
specifying Lake copper in preference to 
electrolytic, without any substantial rea- 
son for this preference. 

The copper after the poling operation is 
poured into a great variety of shapes and 
sizes for various purposes. Thus we have 
the ordinary ingot copper which is in- 
tended for remelting purposes, as in brass 
making, ete. In this case the copper is 
poured into ingot moulds which are about 
9 inches to 12 inches long, 3 inches wide and 4 inches 
deep. The moulds also have what is called a “heel” 
which gives a deep gash in the ingot enabling it to 
be easily cut or broken for weighing out. 

Copper is also poured into long rectangular moulds 
for what are known as wire-bars. These are usually 
4 to 6 inches square and about 5 feet long, and 
are for the purpose of hot-rolling into small rods to be 
cold-drawn into wire. Copper is also cast into cakes 
of various sizes for hot-rolling into copper sheets 
and plates for such products as engravers’ copper, elec- 
trical copper, bus-bars, etc. These cakes vary greatly 
in size, but are usually 18 inches square by about 4 
inches thick 

Lake copper is sold in practically the same form as 
electrolytic, except that not a great deal of Lake 
copper is used for electrical purposes on account of its 
somewhat lower conductivity. 

Before proceeding with a description of the physical 
properties of copper, it will be advisable to consider 
some of the theoretical principles dealing with the phys- 
ical properties and metallography of metals generally. 

The structures of cast metals and alloys usually con- 
sist of large rounded grains which do not, as a rule, 
resemble crystals. The sharp angular characteristics 
ot crystalline formation are only obtained after the 
metal has been worked and annealed. Our first pho- 
tograph shows the structure of ingot copper which il- 
lustrates this fact very noticeably. Eutectics, which 
are solidified saturated solutions of one metal in an- 


The microstructure of copper. The first photomicograph shows, with an enlargement of 75 diameters, the structure of cast copper ingots; the black dividing lines are 
the eutectics; their formation is shown in greater detail in the second picture, which is magnified 300 diameters. The third and fourth views show the copper of the 
first cut after cold working, which distorts the grain, and after annealing, which alters the crystal structure altogether. Both these views are magnified 75 diameters. 
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PERCENTAGE REDUCTION AREA 


Fig. 3—The effect of rolling upon tensile strength and elongation 
under a given stress 


other, owing to the fact that they are the final portion 
of an alloy to freeze on cooling from the liquid state, 
always form an interlacing network between the large 
grains of the pure constituent. Eutectics are charac- 
terized by a very fine banded structure, usually re- 
quiring quite high magnification to reveal the structure. 
As has been mentioned above, cuprous oxide and cop- 
per form a definite alloy series, the eutectic of which 
contains 3.4 per cent. cuprous oxide; the eutectic having 
a much lower melting point than the copper, is the last 
portion to freeze and therefore appears surrounding 
the grains of copper. The black network surrounding 
the grains of copper in the photograph is this eutectic. 
A second photograph shows the eutectic 


The elastic limit of a metal may be defined as being 
the load at which the metal commences to flow. Bear- 
ing this consideration in mind, therefore, we find that 
with a very hard, brittle metal, the elastic limit and 
maximum tensile strength practically coincide, and 
conversely, with a very soft metal the elastic limit is 
very small in comparison with the maximum tensile 
strength. 

Carrying the above definition of elastic limit a little 
further we may say that it is the load at which the 
crystals of a metal commence to slip with respect to 
each other. This slippage also taking place inside the 
individual crystal. 


ANNEALING TEMPERATURE (°C) 
Fig. 4—Effects upon the same physical properties of annealing 


hard-rolled copper 


the percentage reduction of area of the specimen, or in 
other words the degree of cold deformation which the 
metal has been subjected to by drawing. Examination 
of this characteristic curve shows that the soft an- 
nealed metal has a tensile strength of 32,000 pounds 
per square inch which increases upon drawing to ap- 
proximately 65,000 pounds per square inch after 90 
per cent. reduction in area without annealing. Con- 
versely the elongation is reduced from 45 per cent. in 4 
inch for the soft metal to 4 per cent. in 4 inch for the 

hard drawn metal. 
The phenomenon of hardening up due to cold-working 
is common to all metals. seilby’s theory as to the 
cause of this phenomenon assumes the ex- 


in greater detail, the picture having been 
taken at a much higher magnification. 

If we take a metal having a cast struc- 
ture and perform upon it cold work, such 
us hammering, rolling, drawing, etc., we 
tind that the large primary grains have 
been distorted out of shape. If the work 
has been very severe the grains will be- 
almost obliterated and the struc- 
ture will become almost amorphous. The 
appearance of ingot copper after cold 
work has been performed upon it is shown 
in the third photograph. Upon annealing 
it we find that the original structure has 
completely disappeared and an entirely 
new crystalline structure has appeared, 
as the fourth photograph. It will be no- 


come 


istence of an amorphous phase in metals. 
This phase is presumed to be a brittle 
vitreous substance similar to glass in its 
general properties. Taking an annealed 
erystal structure and performing cold- 
work upon it is supposed to cause slip- 
page along crystal planes, with the re- 
sulting formation of the vitreous mate- 
rial; the more severe the strains set up, 
the greater the quantity of amorphous 
material that is formed. Theoretically 
this process can proceed until the metal 
consists entirely of the amorphous phase, 
and when this point is reached the ma- 
terial possesses a maximum hardness with 
no ductility, and no further work can be 
performed upon it without cracking. 


ticed that the crystals are sharply defined 
and show more of the characteristics of 
true crystals than the rounded grains of 
the original cast structure. Another pic- 
ture shows the same sample very much over-annealed. 

Microscopic examination affords a very useful method 
of checking up metal manufacturing processes, and in 
some cases it is almost indispensible. The structure 
obtained on a metal is greatly affected by slight varia- 
tions in the various processes of manufacture, and mi- 
croscopic examination of failures or defective material 
usually indicates the nature of the trouble and also a 
remedy. 

All metals undergo some remarkable changes 
upon being cold-worked by any means whereby the 
metal is caused to flow while in the cold state. The 
most obvious change that takes place is the increase 
in maximum strength and elastic limit 
and the decrease in elongation, or, in 
other words, the metal becomes very much 
harder and correspondingly brittle. 

At this point it seems advisable to con- 
sider definitions of some of the terms 
which are somewhat loosely applied in 


Left, copper similar to this shown, but over-annealed at high 
temperature. 


Right, soft brass after straining, showing 


slip bands. Both magnified 75 diameters 


If we take a piece of soft metal and deform it in 
such a way as to exceed its elastic limit, and exam- 
ine it under the microscope, we find that each crystal 
has on its surface a series of lines. These lines are 
parallel in the same crystal but show different orienta- 
tion from crystal to crystal, as shown in the photo- 
graph of brass. These lines are known as slip-bands 
and are the result of the cleavage planes in each crys- 
tal slipping. 

Figure 3 shows the curve obtained by plotting the 
results of physical tests obtained on specimens of cop- 
per rolled to various reductions in thickness, against 
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common practice. The word “hardness” 
as applied to metals is too ambiguous to 


be of service. As ordinarily applied it 
means the possession by a metal of a 


high tensile and compressive strength 
with little or no elongation. Theoretically, 
perfectly soft metal would have no elas- 
tie limit, with infinite extensibility; and 
conversely, the theoretically perfectly 


hard metal would have infinite elasticity 
with no permanent elongation. 


Fig. 5—Tube drawing bench for seamless copper tubing 
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Upon annealing a strained structure, 
that is, a metal containing amorphous ma- 
terial, the amorphous phase disappears 
with the formation of an entirely new set 
of crystals. Bearing these considerations in mind, there- 
fore, we may consider the process of annealing metals 
in order to soften them as being a process of heating in 
order to impart sufficient mobility to the molecules of 
the metal to enable them to rescrystallize. The temper- 
ature at which the recrystallization takes place varies 
considerably for different metals. Naturally those hav- 
ing low melting points crystallize at a generally lower 
temperature, but for any given metal, the higher the 
state of strain under which the metal is, the lower the 
temperature of recrystallization. This is in accord 
with the principle governing all changes of state in 
matter whereby the nearer it is to an equilibrium, the 
more energy is required to actually bring 
it to the state of equilibrium. 

Metal in the state of strain resulting 
from cold work is not in equilibrium, and 
the more cold work that has been per- 
formed upon it the further it is from be- 
ing so, with the result that less en- 
ergy in the form of heat is required to 
change its state. 


Ys JL. a: Figure 4 shows the effect on the phys- 
= ical properties of hard rolled copper of 

PLUG ROD INITIAL INSIDE *— FINAL INSIDE annealing. The specimens had been re- 
DIAM. DIAM. duced approximately 50 per cent. in thick- 

SWAGED END ness by rolling, and were then annealed 

OF TUBE at various temperatures and physical tests 


made. It is rather remarkable that cop- 
per in a state of strain should be affected 
(Continued on page 335.) 
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Scientific Signalling and Safety at Sea’ 


Modern Efforts to Protect the Mariner from Fog and Other Perils 


In the British Admiralty pilot and sailing directions 
still extant the sailor is informed that there is no 
help in a fog, save unrellable fog signals and the use 
of the lead. “Sound is conveyed in a very capricious 
way through the atmosphere. Apart from wind, large 
areas of silence have been found in different directions 
and at different distances from the signal station, in 
some instances even in close proximity to it. The 
mariner should not assume that, because he fails to hear 
the sound, he is out of hearing distance; that he is at 
great distance, because he hears the signal faintly; 
that he is near it, because he hears it plainly; that the 
signal has ceased sounding, because he does not hear it; 
and that the distance and the intensity of the sound on 
any occasion are a guide to him for any future occa- 
sion. The lead 


s generally the only safe guide in 
fogs.’ These words were quoted by Professor John 
Joly, F.RS., of Trinity College, Dublin, in introducing 
his two Tyndall lectures on “Scientific Signalling and 
Safety at Sea,’ delivered at the Royal Institution on 
April 9 and 10. Much that Professor Joly advocated in 
these lectures, which we abstract, is still in the experi- 
mental stage. That it remains in that stage, in spite of 
scientific progress, is largely due to the war, and in gen- 
eral due to a justified conservatism of the sailor, When 
normal conditions have been restored, however, many 
promising suggestions will have to be thoroughly tested, 
and the antiquated navigation rules consequently re 
vised. More is at present done for the comfort, than 
for the safety, of passengers at sea, and some of the 
means suggested for increasing safety depend upon de- 
vices already in use for the transmission of news. 

Dealing first with recently introduced coastal signals, 
Professor Joly remarked that the Admiralty directions 
he had quoted were not intended, of course, to imply 
the worthlessness of aerial sound signals. But recent 
advance in science had supplied additional safeguards, 
in the first instance “synchronous signals.” When we 
saw the flash of lightning, and heard the thunder two 
seconds later, we concluded that the storm was 2 
1,100 feet away since sound was propagated at 1,100 
feet per second. If the Dover express travelled at 40 
miles per hour, it would reach London, SO miles distant, 
in2 hours. ‘To a certain extent a man in London could 
follow the progress of the train, if a friend in Dover 
sent him a signal when the train left, and again at 
intervals of 15 minutes; whenever he heard the signal, 
he would know that the train was 10 miles nearer Lon- 
don. In this way the sailor could benefit from syn- 
chronous signals without the aid of a stop watch. If a 
lightship near shore discharged a gun and at the same 
moment gave a light flash; hearing the report 31% 
seconds after seeing the flash, the sailor would know 
that he was somewhere on a circle of radius 314 
1,100 feet, and the flash would give him the hearing of 
the station. But the flash might be obscured by fog and 
rain, and the sound was difficult to pick up in stormy 
weather, while there were the “zones of silence” al- 
ready mentioned. The sound waves. seemed to arch 
over certain areas, and would thus travel on indirect, 
longer paths, conveying a wrong idea as to distance. 
Yet the simple aerial signal should not be condemned 
any more than lighthouses were. Automatic bell buoys, 
common on our coasts, were often combined with occult- 
ing lights. The bell rocked up and down with the mo- 
tion of the water, and a horizontal vane beneath the 
bell oscillated and compressed, through a ratchet, a 
spring which was finally released and actuated the 
hammer. Even in the calmest weather three or more 
strokes might be given per minute, not at regular in- 
tervals, but fairly of the same intensity, and the num- 
ber of strokes could be limited to, say, three per min- 
ute. When a light flashed up simultaneously with the 
stroke, and the flashes were spaced to follow one an- 
other at intervals corresponding to a sound-propagation 
of one cable (0.1 nautical mile) é e., at a little more 
than half second, then the sailor, counting the flashes 
between consecutive bell sounds, would see a second 
flash after the sound had travelled one cable, and a 
tenth flash, after the sound had travelled 9 cables and 
so on, and he could thus ascertain his distance from the 
buoy without the use of a stop watch. This was val- 
uable for small craft not equipped with signalling ap- 
pliances. 

With the aid of radiotelegraphy and submarine sig- 
nalling, these devices could be much perfected. As 
sound travelled in water at the rate of 4,800 feet per 
second, the submarine bell-stroke would lag behind the 
radio by 1-2 seconds for each nautical mile traversed, 


*From Engineering. 


if the signals were simultaneous; and simultaneous air 
and water sounds would differ by 4.3 seconds per nauti- 
cal mile traversed. The rate of propagation of sound 
through water had really been determined on these lines 
by Collodon and Sturm in 1826, in the Lake of Geneva- 
the bell stroke ignited some powder, and the sound 
was listened to in a trumpet immersed in the water. 
Divers were well aware of the startling audibility of 
sound under water. Experimenting years ago off the 
Dublin coast, on means of ascertaining the depth of the 
water under a moving vessel, Professor Joly had ob- 
served that the explosion of a small cartridge contain- 
ing '4 ounce of gunpowder, fired at the bottom of the 
sea, was easily perceived a mile away in open boats 
(unprovided with any form of sound-receiver) as a blow 
striking the bottom of the boat. 

The modern submarine bell now largely used, is made 
of bronze; it weighs 220 pounds, and has a period of 
1.215 vibrations in water. The striking mechanism is 
contained in a cylindrical casing above the bell. The 
bell is suspended by a chain at a depth of about 18 
feet, and the cylinder is fed with compressed air from 
a reservoir on shore or on the lightship, which is kept 
charged by an engine. The United States tested five 
of these bells for 51 days of continuous ringing (at 


Fig. 1 Fig. 2 


The Joly collision predictor, and the principle 
on which it operates 


intervals of 6 seconds) in 1906; their introduction into 
England had been slow, although the Admiralty had 
reported favorably on them in 1906. For use on the 
sea tloor the bell is generally provided with electric 
power, and suspended from the apex of a steel tripod, 25 
feet high and weighing 3 tons, down to depths of 25 
fathoms (at the Stack Lighthouse, Holyhead, e. g.). 
The ordinary submarine bell-buoy is operated by the 
waves in the way above indicated; the whole mechan- 
ism is housed in a boiler plate receptacle beneath the 
buoy, which is open below, only the bell itself pro- 
truding; thus the mooring chain cannot foul the bell or 
its mechanism, 

Passing to sound-receiving devices on board, Vrofes- 
sor Joly said that at first these devices had been towed 
astern or been attached to the outside of the ship; 
but it had been found that listening to the acoustic 
vibrations which the ships’ walls picked up from the 
sea was most effective. A small cast-iron tank was 
screwed to the inner wall which formed one of the 
sides of the tank; this tank should be low down in 
the water. The tank was filled with water, and two 
microphones were immersed in it, one more forward 
than the other; there was one tank on each side. Wires 
from the microphones passed up to the bridge, and the 
two receivers, one on each ear, were connected with 
the fore and the aft microphone of the same tank; by 
means of a switch the observer listened alternately to 
the microphones on the port and on the starboard. 
When the source of sound was right ahead, both tele- 
phones would speak equally loud; when the sound 
came from the port side, that sound would predomi- 
nate; when the sound came from aft, the telephones 
would not respond except at close distance; that was 
partly due to the disturbance of the water by the pro- 
pellers. To ascertain the bearing of the bell more 
clearly the ship was swung. The best position for the 
tanks was forward in the bows; but it depended upon 
the ship lines, and the most suitable position was de- 
termined by experiment. 

Though the combination of submarine signals and 
radiodots was the least liable to failure, it was not 


the most sensitive method, and its use was practica! 
restricted to large high-speed vessels which requ 
to determine their position within half a mile or | 


If the dots were sent at intervals of 0.6 second, 
hell stroke would lag by the interval between tw. 
dots for each half mile traversed. Five miles off 
coast, the lag would amount to 10 intervals, the || 
coming in with the eleventh dot; estimates within 4 
quarter mile would be possible. In these cases the «| 
server listened with one ear and one telephone to the 
bell, and with the other to the dots. 

Professor Joly then referred to the interesting «\ 
periments on synchronised signals—hardly known 
this country, he remarked—-which the United States 
Hydrographic Department had conducted in September, 
1911. From the Nantucket Shoal Lightship (east of 
New York) three signals were given simultaneously 
once every minute: a steam whistle W, a submarine 
bell-stroke B, and radiodots, or ticks (lasting 2 seconds 
or 3 seconds) R. The signals were received on the 
cruising steamer Washington, the interval between EB 
and R being determined within a few tenths of a see 
ond by a Hack chronometer, and the W-R_= interval 
within half a second by a stop watch: from these ob- 
servations the position of the Washington was deduced 
assuming the velocity of sound in air to be 1,132 feet 
(at the air temperature 68.5 degrees FL) and in water 
(at 66 degrees F.) to be 4.794 feet per second: the 
weather was calm and hazy with light airs from west 
north-west. The true course of the ship was further 
determined by rangefinder, compass, and log; a tidal 
current northward was allowed for. The Washington 
first steamed due west for 8S miles, turned and headed 
east-south-east, passing the lightship on the port beam 
at a distance of 3,450 vards, went on in the same direc- 
tion for 8 miles further, then turned north-west, passing 
the lightship again on the port beam at 4,600 yards, 
and then turned finally south-east back to the station, 
On this course, with the station at first right astern. 
the whistle was lost at 144 mile (zone of silence?), the 
bell at 2 miles from the station; the bell was picked up 
again as soon as the ship had turned east-south-east, at 
7.6 miles, the whistle only when the ship was once 
more within 4 miles of the station; 514 miles from the 
station the bell was lost again, the station being then 
astern, 19 degrees off the course, while the whistle re- 
mained longer audible this time, within 714 miles from 
the station. On turning north-west the bell was at 
once picked up again at 8.6 miles from the station, the 
whistle only at 6 miles: afterwards both the acoustical! 
signals remained audible throughout. The track of the 
Washington as deduced from these observations, forms 
a curious zig-zag line, sometimes on the one, sometimes 
on the other side of the true course, but on the whole 
fairly correct, though in one extreme case the distance 
deduced from the whistle and the bell differed by 
nearly 1 mile, 

It was found thus that the submarine bell sound 
carried further than the aerial whistle sound and was 
net subject to capricious irregularities, but that the 
submarine signal was badly received from astern with 
the microphone tanks forward in the bows. The Hy- 
drographie Department was satisfied with the experi 
ments, and the Fire Island Lightship, off New York, 
was fitted up for three synchronous signals as indi- 
eated. There was one modification, however; the bell- 
stroke preceded the first radiodot by 0.6 second. Thus 
a listener at half a mile distance heard both the signals 
together, and if he counted 10 radiodots before hearing 
the bell, he was 10 half miles off: that was a simplifi- 
eation, Professor Joly pointed out, but if the sailor 
were within half a mile, he would hear the bell before 
the dot, which was confusing. In a recent report issued 
by the British Board of Trade it was mentioned that 
the apparatus of this Fire Island Lightship was op- 
erated during fog, mist, rain or snow; that the range 
was limited to the bell-receiving equipment on board 
ship, which was practically within 6 miles or 7 miles; 
that the bell gave 6 strokes, paused, and then 8 strokes, 
once every 38 seconds. Hence, the lecturer remarked, 
two unsymmetrical groups of bell-strokes were emitted, 
probably to facilitate the identification of the station, 
the lightship spelling out its name by the signals. The 
size of the antenna was such that the radio-signal 
range was not much greater than the bell range, to 
avaid interference with other radio signals. 

The oscillator of R. A. Fessenden, the lecturer pro- 
ceeded, was a rival of the submarine bell of astounding 
promise. It acted both as transmitter and receiver, 
it had a range of 30 miles and more, could convey Morse 
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signals to these distances, allowed of determining the 
depth of the water beneath the moving ship and the 
location of icebergs by reflected sounds, and seemed 
even ‘o be utilisable as a telephone over short but 
useful distances. The Fessenden oscillator, as well as 
the H. C. Berger apparatus (in which longitudinal 
yibrations are emitted by a wire), were noticed in the 
issue of Engineering of April 16, 1915 (page 438) in 
connection with a paper read by J. B. Millet and F. L. 
Sawyer before the Society of Naval Architects and 
Marine Engineers at New York. The Fessenden oscil- 
lator may briefly be described as a powerful electro- 
magnet on an alternating circuit (500 periods per 
second), in the cylindrical pole gap of which a copper 
cylinder, 9 inches in diameter, moves endwise to and 
fro; the cylinder is connected with the oscillating dia- 
phragm, which may be part of the ship's side, the 
moving parts weighing more than 100 pounds. The 
practical audibility ranges stated at the New York 
meeting to have been attained in the first experiments 
were smaller than the 30 miles claimed by the Subma- 
rine Signal Company, as lrofessor Joly mentioned. 
But improvements had been effected, and there were 
certainly new possibilities as regard synchronous sig- 
nalling. 

With the aid of this oscillator a ship steaming at 
°% knots might ascertain her distance from the land 
and the bearing of the signal station, and thus her 
right course, more than an hour before making port, 
in any state of the atmosphere, and it could further 
find out in what depth of water she was moving, 
and whether there were any icebergs near. For this 
purpose a commutator with one conducting segment 
was combined with the oscillator; two brushes bore 
against the commutator, the one being joined to the 
alternating generator, the other to the telephone re- 
ceiver. As the commutator revolved, the oscillator 
was momentarily excited; the sound travelled to the 
bottom of the sea, was reflected back and, acting on 
the oscillator, generated current in it; this current 
was heard in the telephone when it happened to be in 
circuit at the instant the reflected sound came up; the 
setting of the telephone brush would thus determine 
the depth of the water. In 8 fathoms the echo would 
take 1/40 second to come up, and this echo was, in the 
experiments, heard without the use of the receiver. In 
other experiments the distance of an iceberg 450 feet 
long, 150 feet high, was determined by echo while 
the United States revenue cutter used in the trials 
kept within distances ranging from 0.5 mile to 2.5 
miles of the berg. The echoes were sufficiently loud at 
21%, miles to be heard all over the ship, although the 
oscillator was not properly installed, but only lowered 
overboard. 

These wonderful achievements, Professor Joly con- 
tinued, seemed even to be surpassed by those secured 
with the aid of the radiophone at Point Judith, at the 
western approach to Narragansett Bay, Rhode Island. 
A phonograph, started by a switch, called out the 
name of the station every 5 seconds; after three repe- 
titions a much feebler voice uttered the warning: “You 
are getting closer, keep off.” The receiving apparatus, 
the Submarine Signal Company had informed the lec- 
turer, was very small and required so little tuning, 
that a few minutes’ instruction sufficed for its use by 
inexperienced men; the sailor would first hear the 
“Point Judith,” and then the warning. With the aid 
of radiophone stations and, further, of radiogoniome- 
ters (wireless compasses) for the determination of the 
direction in which the sound arrived and thus the bear- 
ing of the station, a ship would be able to proceed 
from headland to headland without seeing any lights. 
These radiosignals, which were only meant for a lim- 
ited range, and especially the radiogoniometer, were, 
however, affected by atmospheric conditions. 

Dealing in his second lecture with the prevention 
of collisions at sea, Professor Joly remarked that he 
did not wish to abrogate the old-established methods 
of whistling and listening, nor the old rules as to the 
right of way and slowing down in thick weather. But 
submarine signalling, the radiogoniometer (e. g., the 
Bellini-Tosi directive transmitter) and radiotelephony 
had placed means at our disposal, by the aid of which 
good speeds might be maintained at sea, and the time 
had come for a complete reconsideration of the prob- 
lems. As a first essential condition the future Board 
of Trade would have to require that a continuous watch 
be kept in the wireless room during thick weather on 
all ships. The operator should send and receive sig- 
nals, the officer of the watch interpret and direct them; 
that division of duty would contribute to safety. The 
submarine signals could be given by bell (to be placed 
in a recess in the ship’s bottom) or by oscillator; low 
power radiosignals he would suggest, should be emitted 
at intervals of 5 minutes. Two ships, A and B, ap- 


proaching one another, would exchange code signals 
giving course (in degrees, counted clockwise) and 
speed; thus A, steaming 53 degrees (about east-north- 
east) at 11 knots, would learn that B was going 180 
degrees (south) at 16% knots. A and B could only 
collide if simultaneously reaching point 0 (Fig. 2), and 
the conditions of a possible collision might be charac- 
terised by (1) the danger bearing, (2) the danger rate 
of approach, (3) constant bearing, (4) constant rate 
of approach. In the case mentioned a collision could 
only occur when B was bearing about north-north-east 
from A, and A south-south-west from B, and if they 
approached one another at the rate of 24 knots. Hence 
by observing the actual bearing and actual approach, 
A could tell whether a collision was likely, and in 
most cases A would at once know that no collision 
was to be feared. The three factors involved were 
position, speed, course, and the distance between the 
ships would decrease at the maximum rate possible if 
a collision were to occur. The rate of approach was 
the third side of the triangle A B 0, which the sailor 
could determine, without geometrical construction, by 
the aid of Professor Joly’s “collision predictor.” 

This predictor (Fig. 1) consisted of a circle upon 
which compass bearings were marked and which car- 
ried two limbs, a and b, pivoted at the centre and di- 
vided in knots; on a cursor slipping along @ was further 
pivoted the arm c, which was provided with a trans- 
parent scale. The sailor set a to the course of his ship 
A, b to the course of B, then moved the cursor along a 
up to the division marking his speed, and inflected ec 
until it intersected b at a distance (on b) proportional 
to B’s speed; he had then constructed his triangle, and 
could read off the maximum velocity (danger rate of 
approach) of 24 knots on c. In order to facilitate the 
estimates, c was graduated to mark the amount by 
which A and B approached within 2 minutes, that be- 
ing the interval separating the distance observations 
by synchronous signalling; in the case considered that 
rate of approach would be 24 « 2/60 = 0.8 sea mile 
in 2 minutes. The direction of c¢ at the same time 
gave the danger bearing, better to estimate which 
a parallel motion up to the centre could be imparted 
to ec. Held in the true compass position, the direction 
in which ec was pointing told A in what direction B 
was approaching and also the distance separating the 
ships and the time taken to cover that distance—as if 
A were watching the approach of B on a chart. 

When A felt uncertain about his determinations, he 
signalled to B that he was going to determine the dis- 
tance; B then prepared to listen, picked up A’s bell, 
and told A his distance; if that distance were 5 miles, 
they would both know that they could only collide 
after 12 minutes (the approach being 0.8 miles in 2 
minutes). If repeated signalling after 2 minutes in- 
dicated 4 miles, there was danger. These observations, 
and the times still to go were entered on a sheet and 
compared with the danger distances (from the pre- 
dictor); if they agreed, there was danger. Collision 
could only occur with conditions maintained when the 
rate of approach was constant; that constant rate could 
also be made a criterion of danger (4), as could like- 
wise be the fact that the bearings remained con- 
stant (3). 

But there were serious objections to the constant 
bearing method, whether relying on the radiogoniometer 
or on submarine signals. The ship’s course had to be 
altered during these hurried observations; the ear esti- 
mate of the intensity of sound was always deceptive, 
and though the Bellini-Tosi directive transmitters had 
much been improved and readings within 1 degree were 
claimed, there seemed to be little variation in the max- 
imum intensity of current over a range of 10 degrees 
from the direction of the signal. The fourth criterion, 
the constancy of the rate of the approach, did not 
involve knowledge of course and of speed; it required 
periodic emission of synchronous signals by A which 
B received, reporting the distance deduced; if the rate 
of approach diminished, the danger was past. If a 
third vessel C came within the range of audition while 
A and B were exchanging signals, C should keep out 
until A and B were clear, not to confuse their signals 
by her own; C might be restricted to acoustic signals, 
Professor Joly suggested. 

All these methods, would, of course, have to be 
thoroughly tested before adopton. Other improvements 
in radiotelephony might further reduce the risk of 
collisions. By phonograph a vessel might call out her 
name as a distinguishing signal, and also her course 
and speed, when occasion arose. Professor Joly did 
not disguise the eccentricities of radio signals, which 
may be heard at astounding “freak” distances or may 
become almost indistinguishable at small range. He 
ignored one difficulty, however, that of language. Pho- 
nographs generally speak with a peculiar accent; we 
do not pretend to know what a Spaniard, e. g., might 


understand, when “Point Judith” was shouted at him 
in American. But sailors somehow manage to under- 
stand one another, and the manysided difliculties will 
be met as they have been under other conditions. 


The Metallurgy of Copper 

(Continued from page 333) 
by such low temperature as 265° C. On ex- 
amination of the curve it will be noticed that the 
copper hardened by cold-work begins to lose its hard- 
ness quite rapidly at this temperature until a perfect 
anneal, or perfectly soft metal, is reached at a tem- 
perature of 600 degrees C. In this respect copper 
shows more of what might be termed molecular mo- 
bility than most metals. 

Copper has a very high electrical conductivity, or 
conversely, a very low specific resistance. All electrical 
conductivity measurements are based on copper as a 
standard, its conductivity being valued at 100 per cent. 
The only other metal having a higher conductivity is 
silver. On account of its electrical and mechanical 
properties copper is absolutely essential to electrical 
construction work, and vast quantities of the metal are 
used in the electrical industries. The electrical con- 
ductivity of electrolytic copper produced today = av- 
erages 100 per cent. and occasionally runs over 101 per 
cent, The reason for this is that the standard meas- 
urement is based on a determination made some thirty 
or forty years ago, and known as Matthiesens’ Standard, 
At the time these standard measurements were made, 
present day refinements in the electrolytic process were 
unknown, and the purest copper then available was not 
the equal of the every day production of electrolytic 
copper at the present time. 

Minute traces of impurities in copper affect its con- 
ductivity to a remarkable extent. ‘The presence of 
.05 per cent. tin lowers the conductivity from 100.5 per 
cent to 95 per cent. This peculiarity affords a very 
efficient means of determining the purity of a sample of 
copper, and routine refinery determinations are usually 
made in this way. The sample is forged to about 
*%, inch round, and from there cold drawn to about No, 
Iu gage and annealed and tested. 

Pure copper is malleable in both the hot and cold 
states, and advantage is taken of this property in the 
manufacture of copper wire and sheet. For the man- 
ufacture of copper wire, wire-bars weighing from 150 
te 500 pounds, depending on the size of the wire to be 
made, are heated in a pre-heating furnace to a tem- 
perature of 700-750 degrees C. and hot-rolled down 
to a diameter of *% inch. A wire-bar weighing 250 
pounds when rolled to *, inch diameter will be over 
140 feet long and when cold-drawn to wire 1/16 inch 
diameter will be over 21,000 feet, or about 4 miles long. 

The preliminary hot-rolling operations, or “passes” 
as they are called, are performed in a hot-rolling mill 
consisting of a pair of steel rolls about 4 feet long and 
1G inches in diameter, having a succession of grooves 
cut in them which diminish in size from a little less 
than the dameter of the wire-bar to about 1% inches 
diameter. The hot-wire bar is passed through these 
grooves one after the other, in succession, and after 
passing through the final groove is then rushed to the 
finishing mill as rapidly as possible to prevent cooling. 
The more modern mills are known as “three-high mills,” 
so called because they have three rolls mounted one 
over the other, the bottom and top roll revolve in the 
same direction while the middle roll revolves in the 
opposite direction. The purpose of this type of mill 
is to eliminate passing the bar around the mill to be 
passed through the next groove. With the three-high 
mill the metal is passed through the groove between 
the bottom and middle roll, and is then passed back 
through the next groove between the middle and top 
roll. The old type of mill consisting of two rolls is 
known as a “hand-round” mill because the bars are 
passed back to the entry side of the rolls by hand. 

The finishing hot-mill is similar to the “hand-round” 
or “three-high” mills described except that they are 
much smaller and run at a much higher speed. This 
mill reduces the bar from about 114 to % or %& inch. 
After passing through the finishing groove the wire is 
coiled on a mechanical coiler and is then ready for the 
wire mill. 

Hot-rolling is very much cheaper than cold-rolling on 
account of the fact that higher speeds can be used, and 
no annealing operations are necessary. On account of 
the metal being at an annealing temperature during 
the process of rolling the hardening effects of mechan- 
ical deformation are eliminated, and the hot-rolled 
wire is practically as soft as the metal was before 
rolling. 

The process of cold-drawing wire is so well known 
that description is hardly necessary. Copper wire is 
ordinarily cold-drawn about 85 per cent. reduction of 
area between anneals. That is to say, the wire may 
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be reduced in diameter 85 per cent. before annealing 
is necessary. 

Copper sheets are also hot-rolled from cakes down to 
about % or ™ inch thick, and then cold rolled to 
finished size. The reason copper wire and sheet are not 
hot-rolled all the way to finished size is primarily be- 
cause the diameter and thickness cannot be closely con- 
trolled, and the fact that the copper scales excessively 
while hot causes the finished surface on the hot-rolled 
wire or sheet to be very rough and dirty. Quite fre- 
quently a certain amount of hardness or “temper” is re 
quired in the wire or sheet, requiring, therefore, a 
certain amount of cold work to be performed. 

Seamless copper tubing is ordinarily made by cold- 
drawing a cast copper tube or shell. This casting is 
made by pouring copper into a tube mold, closed at one 
end, through the center of which is a collapsible core. 
he difference between the diameter of the core and the 
inside diameter of the tube mold will be the thickness 
of the cast tube or shell. The size of these castings de- 
pends on the size of the finished copper tubing re 
quired; for small sizes, such as is used for the ordi 
nary household gas water heater, copper gasolene feed 
pipe for automobiles and motor boats, ete., the cast 
ing would be about 4 feet long by 3 inches outside 
diameter and about 2 inches inside diameter, the wall 
thiekness, therefore, is about '% inch. Such castings 
ure sometimes poured as large as 7 inches or 8 inches in 
diameter with a wall thickness of about 1 Inch. The 
collapsible core requires considerable skill to make, or 
rather to build. It consists of a piece of iron pipe (for 
the small size of casting, this would be about 1 inch in 
diameter), pierced with holes over its entire length, 
these holes are to allow the escape of gas. The pipe is 
mounted on a core bench so arranged as to allow of its 
rotation by hand: damp hay is then worked onto the 
pipe forming a tightly wound layer of about %@ inch 
thickness. Moistened trench chalk is then spread over 
the hay forming another fairly thick layer, followed 
by a lighter coating of graphite; the pipe is kept ro- 
tating during these operations of building up the core, 
When the core is tinished it is baked for several days at 
a temperature of approximately SO or 90 degrees C 

The purpose of this collapsible core is to allow the 
tube to be easily extracted from the cast shell when 
cold. When the copper solidifies in the mold it shrinks 


considerably and breaks up the chalk composition, al 
lowing the iron pipe and the remains of the core to be 
easily extracted \ selid metal core cannot be used 
because it would be impossible to extract it from the 
shell when cold, 

The casting is then “swaged” at one end, which 
operation reduces the diameter sufficiently to allow this 
end of the tube to be introduced through the drawing 
die; after which the casting is ready to be drawn 
This is done on a tube drawing bench where the 
swaged end of the tube is clasped by a travelling jaw, 
and the tube is pulled through the die over a plug. 
This operation reduces the outside diameter and also 
the wall thickness of the tube. A diagramatical ar 
rangement of a tube drawing bench is shown in Fig. 5. 
The tube is drawn and annealed in this manner until 
it reaches the finished size 

Another process for making copper tubes, which ob 
viates the necessity for casting a shell, is used to some 
extent in this country It is known as the Mannesman 
process, and was invented some twenty-five years age 
by a German who discovered that if a solid bar of 
metal is pushed through a pair of rolls, both of which 
revolve in the same direction, the bar will be rolled 
hollow, A modern Mannesman machine pushes a solid 
bar of copper through a small pair of rolls onto a 
mandrel, the bar being retated at the same time as it 
is pushed. This operation is carried out at a red heat 
and gives a copper shell suitable for cold drawing. 


Stellar Evolution 

Continued from page 323 
form a binary star of short period—a typical type B 
binary. At the present time Jupiter is too small in 
mass to be a star. If the sun is now passing through 
a period in which its mass is decreasing, the mass of 
Jupiter will be growing, or at the very worst will be 
stationary, and therefore gaining relatively to the sun. 
One can fancy the sun decreasing toward extinction while 
Jupiter is slowly growing toward stellar conditions. In 
this manner Jupiter and the sun might approach equal- 
ity in mass. At a later time, if the solar system passed 
through a region rich in matter the sun and Jupiter 
would grow equally, and our solar system, if not re- 
duced to two members, at least would present the in- 
teresting phenomenon of a system of two dominating 
suns of approximate equality. In the early stages of 
this rejuvenation the sun and Jupiter would form a 
binary star of long period and reddish color. As they 


grew in mass gathered from surrounding space their 
colors would brighten, they would draw closer together, 
and their period would shorten. Since the effect of a 
resisting medium is to make the orbits circular, it can 
be shown that the product of the period and the fifth 
power of the sum of their masses would remain. con- 
stant during this process of growth, and so also would 
the product of the mean distance and the cube of the 
sum of the masses remain constant. In other words, 
the period would vary inversely as the fifth power of 
the sum of the masses, and the mean distance inversely 
aus the cube of the sum of the masses. If the masses 
of the sun and Jupiter were increased by gathering in 
atomie material to five times their present masses, the 
distance of Jupiter would be reduced from 500,000,000 
miles to 4,000,000 miles, and its period would be re- 
duced from about twelve years to approximately thirty- 
three hours. If the masses were of approximate equal- 
ity their spectra would change in the direction from 
type M toward type B, and if their masses were suffi- 
ciently great to have a spectrum of type B we should 
certainly have a short-period binary with the circular 
orbit which is characteristic of this class of spectro- 
seopie binaries. On the other hand, if we follow such 
a binary in our imaginations as through the ages it 
decreases in mass, we see the reverse process taking 
place, the distance between the stars increasing and the 
eccentricity increasing likewise, but the temperature 
decreasing and the color tending through the yellow 
toward the red until we see finally a typical visual 
binary. 

An indefinite prolongation of a star's life undoubt- 
edly would vastly increase the significance to be at- 
tuched to a close approach of two stars, since such a 
close approach is merely a matter of sufficient time. 
With the relatively short span of life hitherto assigned 
to a star such an event is highly improbable until 
inany aeons after the star has become cold and dead. 
The approach of two cold and solid stars would cer- 
tainly have to be extremely close to have any further 
effect on the stars than to change their speeds and 
their paths, and it is very doubtful if anything short of 
actual collision would disrupt them. A quite different 
state of affairs would arise, however, if the stars were 
massive, and very hot and active. These are the con- 
ditions postulated in the planetesimal hypothesis, and 
the consequences of such conditions must play a very 
common réle in the life-history of the stars. From 
the consequences in the sun-Jupiter system, in which it 
has been shown how Jupiter might become as massive 
as the sun and the sun become a binary star, a possible 
mode of genesis of these interesting objects is obtained. 
An extension of the planetesimal hypothesis seems quite 
competent to account for the existence of many binary 
stars, from the typical yellow, visual binaries of high 
eccentricity and long period to the typically short- 
period, white binaries of spectral type B with their al- 
most perfectly circular orbits. The coalescence of the 
many members of a planetary system into a system of 
two or three members would furnish many occasions 
for the flashing up of a star into an intense but tem- 
porary brilliance, such as is exhibited in the rela- 
tively frequent temporary stars. It is not necessary, 
however, to suppose that all binaries are formed in the 
same manner, for it is quite conceivable that if a 
nebula has two centers of condensation a binary of 
long period and high eccentricity should result through 
the process of condensation. It is quite possible too 
that there exist other processes which have not yet been 
formulated. 

Two processes are here recognized by which a star 
comes into existence. The first is a possible condensa- 
tion from a nebula, though this does not seem to be as 
inevitable a process as it has generally been regarded. 
The second is the growth of a nucleus—a fragment per- 
haps from some disrupted mass, a witness of some 
titanic cataclysm—by the accretion of atoms and small 
particles to such a mass that the release of subatomic 
energies transforms it into a radiating star. By colli- 
sion, or very close approach, only can we account for a 
star passing out of existence, in the first of which two 
masses are united into a single one, and in the second 
a single solid mass is disrupted into many fragments. 
But during the continuance of its existence a star is 
essentially a singular point in an infinite field of en- 
ergy. Through these singular points the energy ebbs 
and flows. When the flow exceeds the ebb the star 
grows in mass and radiating power and character of 
spectrum. When the ebb exceeds the flow the star de- 
clines in mass and radiation, at times even to the point 
of extinction. But even during the period when its 
radiation fails, the singular point persists, and through 
it again flows the tide of energy when the conditions are 
suitable. Just as the atom and the molecule are per- 
manent forms of physical existence, so also is the star 
a permanent form of physical existence notwithstand- 


ing that the individual may pass from birth to its disso- 
lution. There is no necessary limit to its age, and though 
the star itself may rise and fall, the universe as a whole 
is not essentially altered. The singular points may 
change their positions and their brilliancy, but it is 
not necessary to suppose that the universe as a whole 
has ever been or ever will be essentially different from 
what it is today. 


Industrial Substitutes in Germany 

Srnce April, 1915, no cotton has been used in the 
manufacture of smokeless powder in Germany, its place 
being taken by cellulose obtained from German woods, 
Camphor, which up to seven years ago was imported 
from Japan, was then replaced by a product made 
synthetically from American oil of turpentine, but 
when the importation of this oil was stopped, the 
whole of the camphor required for explosive purposes 
was prepared from German materials. It is claimed 
that the new synthetic product is cheaper and better than 
that derived from oil of turpentine.— Weltwirtschaft Zeit, 
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